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Foreword 


The Thomas B. Deen Distinguished Lectureship recognizes the career contributions and achievements 
of an individual in one of five areas covered by the Transportation Research Board’s Technical Activi- 
ties Division. Honorees are invited to present overviews of their technical areas, including the evolution, 
the present status, and the prospects for the future. First awarded in 1992, the Lectureship was renamed 
by the TRB Executive Committee in 2003 in honor of the Board’s eighth Executive Director, who served 
with distinction from 1980 to 1994. 

Martin Wachs, Director of Transportation, Space, and Technology for the RAND Corporation, Santa 
Monica, California, was the recipient of the 2010 Distinguished Lectureship. His paper, Transportation 
Policy, Poverty, and Sustainability: History and Future, was sponsored by the TRB Technical Activities 
Council and presented at TRB’s 89th Annual Meeting in January 2010. The final, edited paper appears 
as Part 1 of this volume. 

The 2010 series of the Transportation Research Record: Journal of the Transportation Research 
Board consists of approximately 900 papers selected from 3,700 submissions after rigorous peer 
review. The peer review for each paper published in this volume was coordinated by the committee 
acknowledged at the end of the text; members of the reviewing committees for the papers in this 
volume are listed on page ii. 

Additional information about the Transportation Research Record: Journal of the Transportation 
Research Board series and the peer-review process appears on the inside back cover. TRB appreciates 
the interest shown by authors in offering their papers, and the Board looks forward to future submissions. 


Note: Many of the photographs, figures, and tables in this volume have been converted from color 
to grayscale for printing. The electronic files of the papers, posted on the web at www. TRB.org/ 
TRROnline, retain the color versions of photographs, figures, and tables as originally submitted 
for publication. 
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Measurement Conversion Factors 
To convert from the unit in the first column to the unit in the second column, multiply by the factor in the third column. 


Customary Unit SI Unit Factor SI Unit Customary Unit Factor 
Length Length 

inches millimeters 25.4 millimeters inches 0.039 
inches centimeters 2.54 centimeters inches 0.394 
feet meters 0.305 meters feet 3.281 
yards meters 0.914 meters yards 1.094 
miles kilometers 1.61 kilometers miles 0.621 


Area Area 


square inches square millimeters 645.1 square millimeters square inches 0.00155 
square feet Square meters 0.093 square meters square feet 10.764 
square yards square meters 0.836 square meters square yards 1.196 
acres hectares 0.405 hectares acres 2.471 
square miles square kilometers 2.59 square kilometers square miles 0.386 


Volume Volume 
gallons liters 3.785 liters gallons 0.264 


cubic feet cubic meters 0.028 cubic meters cubic feet 35.314 
cubic yards cubic meters 0.765 cubic meters cubic yards 1.308 
Mass Mass 


ounces grams 28.35 grams ounces 0.035 
pounds kilograms 0.454 kilograms pounds 2.205 
short tons megagrams 0.907 megagrams short tons 1.102 
Illumination Illumination 


footcandles lux 10.76 lux footcandles 0.093 
footlamberts candelas per candelas per 
square meter 3.426 square meter footlamberts 0.292 

Force and Pressure or Stress Force and Pressure or Stress 
poundforce newtons 4.45 newtons poundforce 0.225 
poundforce per kilopascals poundforce per 

square inch kilopascals 6.89 square inch 0.145 
Temperature Temperature 


To convert Fahrenheit temperature (°F) to Celsius To convert Celsius temperature (°C) to Fahrenheit 
temperature (°C), use the following formula: temperature (°F), use the following formula: 
°C = (°F - 32)/1.8 °F = (°C X 1.8) + 32 
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PART 1 


2010 Thomas B. Deen 
Distinguished Lecture 


Martin Wachs 


2010 Thomas B. Deen Distinguished Lecturer 


Martin Wachs is director of transportation, 
space, and technology for the RAND Corpo- 
ration, Santa Monica, California. He previ- 
ously served as director of the Institute of 
Transportation Studies at the University of 
California, Berkeley, where he also held 
appointments as professor of city and 
regional planning and as Carlson Distin- 
guished Professor of Civil and Environmen- 
tal Engineering. Before that, he had a 
distinguished 25-year career at the Univer- 
sity of California, Los Angeles, where he was professor of urban 
planning, head of the urban planning program, and director of the 
Institute of Transportation Studies. 

One of the most highly regarded transportation analysts at work 
today, Wachs has contributed to books and articles on a range of top- 
ics, including the transportation needs of the elderly and handi- 
capped, methods for evaluating alternative transportation projects, 
ethics in planning and forecasting, transportation finance, and the 
relationship between transportation, air quality, and land use. 

Actively engaged with TRB for more than 35 years, Wachs 
chaired the Board’s Executive Committee in 2000, chaired its Sub- 
committee on Planning and Policy Review, and was the chair or a 
member of numerous policy study committees, conference planning 
committees, and standing technical committees. He served on TRB 
conference planning committees and policy study committees, includ- 
ing the Steering Committee for the Conference on Transportation, 


Urban Form, and the Environment; the Committee for the Study on 
Improving Safety and Mobility for Older Persons; and the Commit- 
tee on Transportation in an Aging Society: A Decade of Experience. 
He chaired two major TRB study committees: the Committee for a 
Study on Urban Transportation Congestion Pricing and the Com- 
mittee for the Evaluation of the Congestion Mitigation and Air Qual- 
ity Improvement Program. Wachs was the 2002 recipient of TRB’s 
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Mobility and increased access to transportation are two of the most 
important global forces for the alleviation of poverty. This is especially 
true in rapidly developing areas of the world, exemplified by China and 
India. It is also true in the United States, where huge gaps in mobility 
between rich and poor remain. Growing concern over the need to address 
global sustainability focuses attention on the rise in greenhouse gas 
levels, which is increasingly associated with increases in mobility. It is 
often suggested that improved mobility must be sacrificed to achieve 
sustainability. This paper examines the trade-offs between the need for 
mobility to foster economic development and the need to reduce the 
production of greenhouse gases to achieve global sustainability. The 
attainment of sustainable mobility requires increased global access to 
goods, services, education, and economic opportunity, alongside reductions 
in the production of greenhouse gases. The attainment of one cannot be 
an excuse for forgoing the other. Transportation technology and policy 
must address the twin goals of improving mobility while decreasing the 
levels of production of greenhouse gases. 


Worldwide, more than 3 billion people live on less than $2.50 per 
capita per day, and at least 80% of all people in the world today live 
on less than $10 per capita per day. According to the United Nations 
Children’s Fund, about 25,000 children under the age of 5 years die 
each day from starvation or preventable diseases (J). 

Publications of the United Nations, the World Bank, and many 
international charitable organizations stress that around the globe 
poverty is the principal cause of hunger, poor health care, inadequate 
medication, the absence of education, inadequate access to clean 
water, and little or no access to electricity. Of importance to those 
in the field of transportation is the fact that the word “access” is used 
in most descriptions of poverty. 


ALLEVIATION OF POVERTY IS RELATED 
TO MOBILITY AND ACCESS 


One of the most important ways to reduce poverty is through invest- 
ments in the physical mobility of people and goods: the ability to get 
people from one place to another and to get goods and services to 
people wherever they are located. People who work in the field of 


RAND Corporation, P.O. Box 2138, Santa Monica, CA 90407-2138. wachs@ 
rand.org. 


Transportation Research Record: Journal of the Transportation Research Board, 
No. 2163, Transportation Research Board of the National Academies, Washington, 
D.C., 2010, pp. 5-12. 

DO!: 10.3141/2163-01 


transportation often overlook the centrality of their work to the 
alleviation of poverty. 

The many organizations that report on the incidence and extent of 
poverty around the world almost never measure directly or report on 
the levels of physical mobility of different population groups. One 
purpose of this paper is to address the connection explicitly. It is 
stated over and again that poor people suffer from measurable deficits 
in nutrition, health care, education, and opportunities to work for 
money. Those deficits are almost invariably correlated with deficits 
in physical mobility: the ability to travel from one place to another 
or to bring goods, such as food, medicine, educational materials, and 
building materials, from one place to another at an affordable cost. 

The relative effectiveness of improvements in mobility to reduce 
poverty depends on the degree to which a society is already devel- 
oped. A bicycle or an animal may be extremely important in some 
contexts and relatively ineffectual in others. Given the enormous 
disparities in mobility among societies, many areas can benefit greatly 
from improvements in the ability to travel from place to place on foot 
by using animal and human motive power, for example, or on land 
using bicycles and handcarts or on water using canoes or rafts; by using 
wind power for sailing; and by using mechanical motive power in 
the form of petroleum-based engines and electricity-powered motors. 
Improvements in mobility are fundamental elements of every program 
to overcome poverty. Billions of people walk miles every single day 
to find fresh, clean water to carry home on foot. Billions of people 
lack physical access to medicine, doctors, and eyeglasses and have 
no school within walking distance of where they live. Transportation 
investments of many sorts bring people to food, water, health care, 
education, and services or bring those needed products and services 
to the people. Poor people leave isolated, remote, rural settings to 
move en masse to larger settlements, even without obvious sources 
of personal income, because cities provide greater proximity to 
those needs. That proximity is created by transportation investments 
that create cities in the first place and that endow them with the abil- 
ity to sustain larger populations at higher densities than is possible 
in rural areas. 

The word “mobility” is used in two different ways in everyday 
discourse. To those who study transportation, mobility is most com- 
monly related to moving from place to place. When people say that 
they live in a highly mobile society, they mean that people travel and 
move goods with increasing frequency for a wide variety of purposes 
and by many modes of travel to increasingly diverse destinations. 
Mobility also refers, of course, to social mobility, with “upward 
mobility” being an increase in people’s ability to engage in satisfying 
educational, economic, social, cultural, and recreational activities. 

The use of the term “mobility” in both ways is symbolic of the most 
important point of this paper. Physical mobility is about having the 


means to reach places, things, and activities, whereas social mobility 
is, similarly, about access as well. Access can be limited by inadequate 
motive power and poor roads. It also can be truncated by strictures 
placed on people by others, such as families, or by the religious and 
social norms imposed by the communities in which they live. For 
example, in some wealthy and technologically advanced societies, 
women are not permitted to move about, whereas men are able to take 
advantage of physical improvements in mobility. Where barriers to 
social mobility are constructed by traditions and institutions, improve- 
ments in physical mobility create momentum and pressure for changes 
in social mobility. How are you going to keep them down on the 
farm once they have seen New Delhi in India or Shanghai in China? 

Physical mobility and social mobility are closely interrelated 
and continuously interact in the lives of people everywhere. In an 
increasingly globally connected and highly mobile world, mobility 
barriers preventing people from meeting their full potential as human 
beings are more obvious than ever before. In general, increased 
social mobility and physical mobility are thought of as inherently 
complementary and worthy objectives. This notion, however, is by 
no means universal. In particular, the shared, increasingly urgent, 
worldwide concern over global climate change is causing many to 
be far more accepting of potential limitations to physical mobility, just 
as humankind stands on the threshold of rapid advances in physical 
mobility that can contribute dramatically to social mobility in soci- 
eties all over the world. Both mobility and sustainability are needed 
to improve the well-being of billions of people. 


DISPARITIES IN WEALTH AND IMPROVEMENTS 
IN WELL-BEING ARE ASSOCIATED 
WITH MOBILITY AND ACCESSIBILITY 


The distribution of wealth and of income in the world is dramatically 
uneven: 


e The world’s wealthiest countries, containing 1 billion people, 
have a combined gross domestic product (GDP) of $36.6 trillion, 
which is 76% of the global total. 

¢ The world’s poorest countries, containing 2.4 billion people, 
have a combined gross domestic product of $1.6 trillion, or 3.3% of 
the global total. 

¢ In between the wealthiest and the poorest, the world’s middle- 
income countries contain 3 billion people and have a combined GDP 
of $10 trillion, or 20.7% of the global total (2). 


This dramatic inequality among nations is a critical global prob- 
lem. Thoughtful and generous people the world over are striving for 
great reductions in global inequality, especially in the high rates 
of dire poverty that exist in the poorest of nations. Well-developed 
transportation systems—troads, seaports, railroads, public transport, 
air transport networks, and river-based transportation—are most often 
found in nations that are among the wealthiest, whereas the least 
mobility and the most primitive transportation networks are most 
often in the poorest countries. The nations most rapidly in transition 
from underdevelopment, typified by China and India, are the nations 
investing the most aggressively in their transportation infrastructures. 

Although global poverty is deep, continuing, and troubling, it is 
surely possible to reduce the rate of poverty; and doing so should be 
an objective of policy makers everywhere. For example, since 1980 
the number of people living in poverty in China fell from 85% to 
15.9%. There are, today, 600 million fewer people living in poverty 
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in China than there were in 1980. However, it is noteworthy that hun- 
dreds of millions more people in China are still living in poverty and 
that in the rest of the world, during the same time period, the number 
of people living in poverty declined by only 10% (3). The dramatic 
improvement in economic well-being in China is fundamentally 
dependent on the dramatic program of investment in transportation 
that has taken place there and that has accomplished improvements 
in mobility within 20 years that in most other countries has taken 
five times that long or longer. Ports, airports, roads, and railroads 
have been the backbone of that nation’s economic growth. Bicycles, 
electric bicycles (100 million of them), automobiles, and buses are 
everywhere—especially in cities but also, crucially, in rural areas— 
and people are using them to access education, health care, and recre- 
ational opportunities and to obtain goods brought to them by the 
freight transportation system. The 19% annual increase in car own- 
ership rates is well known among transportation experts. It is often 
spoken of as the result of increased wealth, but it is also, to a great 
extent, the cause of China’s rise as a world economic power. 

Mobility is critical to economic and social improvements, and 
this was clearly known to Rattan Tata when he introduced his new 
automobile, Nano, in India, which has a price tag of $2,500, for which 
there were 203,000 orders during the first 6 weeks of availability. 
There are many potentially negative impacts of this rapid and exten- 
sive transition, but it is important to be clear that such innovations 
are literally and figuratively driving economic and social change all 
over the world. They are increasing improvements in health care, 
education, and economic opportunity and lessening the enormous 
gaps between the haves and have-nots in the societies in which they 
are being introduced. 

It is also noteworthy that everywhere inequality and mobility 
interact with gender. The most mobile people in the world are those 
having economic means. Most of the poor people in the world are 
women and girls, and females bear the highest costs as the result of 
unequal mobility the world over. Gender roles are socially defined in 
many societies in ways that systematically relate to mobility. In most 
of the world’s societies in which mobility is limited for all people, 
women do most of the carrying, relying on their bodies far more than 
they rely on mechanical devices. There are still many societies in 
which women are expected to enter public spaces, including streets 
and public transportation vehicles, only when they are accompanied 
by men. If improvements in mobility were to be slowed for fear of 
their impacts on the natural environment or to slow the production 
of greenhouse gases (GHGs), there is no doubt that the costs of 
such policies would fall disproportionately on women, just as very 
modest progress is being made in the pursuit of gender equality 
around the world. 


POVERTY AND PHYSICAL MOBILITY 
ARE INTIMATELY RELATED IN AMERICA 


This paper has thus far addressed connections between physical 
and social mobility in rapidly developing nations, but impor- 
tantly, the process of achieving social mobility through improved 
physical mobility is still ongoing in the United States. Although 
this country is among the richest, the distribution of wealth in the 
United States, as in the world at large, is toublesomely uneven and 
poverty is far more common in America than might be hoped. Ways 
of addressing gaps in income through improved mobility are still 
critically important, and over time they become more complex and 
controversial. 
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The definition and measurement of poverty in America are complex. 
Calculation of the poverty rate is intentionally relative to national 
income statistics and changes over time in ways that some consider 
controversial, yet by virtually every measure, poverty remains a sig- 
nificant problem for America. The government defined poverty in 
2008 as annual earnings of less than $22,000 for a family of four with 
two children or earnings of less than $11,000 for one person living 
alone. By use of that definition, the recession resulted in over 13% of 
the U.S. population being in poverty by the end of 2008. The highest 
rates occur in the South, where, for example, in Mississippi 21% 
of households were considered to be in poverty. According to the 
National Poverty Center at the University of Michigan, more than 
14 million children under age 18 years—about 19% of Americans 
in that age group—live under the federally defined poverty line (4). 
Families in poverty go without adequate food and shelter, have dif- 
ficulty finding employment, and constitute the majority of the widely 
discussed 37 million people who lack health insurance. 

In America, just as in developing countries, there is a dramatic 
association between poverty and the lack of physical mobility. In 
the wake of the Watts riots in the 1960s, the Kerner Commission 
investigated the causes of the riots and found that a lack of mobility 
was the most serious underlying cause (5). At the 1971 White House 
Conference on Aging, the lack of physical mobility on the part of the 
elderly population was the sleeper issue of the conference, in that it was 
mentioned far more often as a pervasive problem for elderly people 
than had been anticipated by the planners of the conference (6). 

To make the significance of mobility sharp and clear, consider the 
case of Kyle, a 26-year-old single Latina mother of two and a bus 
rider in Los Angeles, California, whose situation was chronicled by 
Robert Garcia in his chapter of a book linking transportation and 
poverty: she found work in a drug abuse prevention program after 
leaving welfare, which she described as “‘hell,” to face the new hell 
of her daily commute. At 6 a.m., Kyle is at the bus stop with her 
children. Fourteen-month-old Ishmael is asleep on her shoulder; 
5-year-old Mustafa holds her hand. Two buses later, she drops off 
Mustafa at school in Inglewood. Then she rides two more buses to 
get Ishmael to his babysitter in Watts. From there it is half an hour 
to work. Kyle arrives at about 9 a.m., three hours and six buses after 
starting: “The boys and I read. We play games, we talk to other 
people, we spend the time however we can. . . . In LA County, it’s 
very difficult to live without a car” (7). 

Policy makers often assert that the greatest barrier to entry into the 
workforce by unemployed people is the lack of the skills necessary 
to fill the available jobs. Transportation scholars Evelyn Blumenberg 
and Paul Ong have researched the role of mobility in the transition 
from welfare to work. Among women who were able to leave wel- 
fare dependency and enter the workforce, they found that among 
a set of explanatory variables, having access to an automobile was 
a stronger correlate with a successful transition than education or 
training (8, 9). 

In the United States, just as in the rest of the world, the majority 
of carless households are headed by women. Women are more likely 
to use public transit than men and continue to make shorter trips, on 
average, than men, and their choices of jobs and work locations are 
often limited by the need to fulfill the majority of household respon- 
sibilities, in addition to working outside the home (10). Census data 
show that the proportion of the American workforce that comprised 
women rose from 28% in 1950 to 47% in 2000 (1). Much of the 
growth in mobility that America has experienced over the past four 
decades is explained by women entering the labor force, gaining 
increasing access to automobiles, and driving more miles per year 
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TABLE 1 Transportation and Housing Cost Trade-Offs in Working 
American Households: Typical Household Budget in 28 Metropolitan 
Areas (Expenses as a Share of Income) 


Working Families with Incomes 


All Households (%) — $20,000-$50,000 (%) 
Housing 27.4 2Iat 
Transportation 20.2 29.6 
Food 10.6 15.1 
Health care 4.7 hed 


Note: Housing costs include mortgage payments, operating costs, and utilities 
for homeowners and contract rent and utilities for renters; transportation costs 
include the cost of owning and operating a vehicle and the cost of public transit. 
Source: Figures derived from the Center for Neighborhood Technology and 
the Center for Housing Policy from the 2000 Census of the U.S. Census 
Bureau and the 2002 and 2004 Consumer Expenditure Surveys of the Bureau 
of Labor Statistics. 


and more miles in relation to the number driven by men than they 
did previously. 

The relationship between transportation and well-being is not lim- 
ited to the unemployed, women, and people transitioning from welfare 
to employment. The Center for Housing Policy studied relationships 
between the cost of housing and the cost of transportation among 
“working households,” in which one or two household members 
are employed but whose family income is less than $50,000. Their 
analysis of 28 metropolitan areas showed that in aggregate, working 
families spent 57% of their income on the combined costs of housing 
and transportation, leaving 43% for all other household expenditures, 
including food, clothing, education, and health care, with the exact 
figure varying somewhat from one community to another (Table 1). 
There was a clear trade-off, with those choosing to economize on 
housing expenditures bearing much higher transportation costs, and 
vice versa. In general, the trade-off was a function of the length of 
the commute between home and work (Figure 1) (72). 
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FIGURE 1 Combined housing and transportation costs as a 
percentage of income in working households. (Source: Center 
for Neighborhood Technology calculation.) 


America faces an awkward set of choices regarding transportation 
and its contribution to economic well-being. The dilemma in part 
involves whether it should be a national goal to provide improved 
mobility for impoverished people primarily through investments that 
improve public transit or whether national policy should also aim to 
encourage automobile ownership among those whose mobility is 
limited by a lack of economic resources. Of course, since mobility 
by transit and automobile complement as well as substitute for one 
another, it is possible—although costly—to pursue both of these 
policy directions. The choices are value laden and often politically 
charged. 

In comparison with other nations, the rate of automobile ownership 
is extremely high in America and land use patterns reflect the gen- 
erally high level of automobile access, yet it is certainly the case that 
poor people have less access to cars than other groups in American 
society. One logical response to this is to emphasize improvement of 
their accessibility via public transit. This can involve, for example, 
subsidizing transit fares among the benefits of employment training 
and access programs. On a metropolitan scale, it might also include 
investments to improve public transportation to increase access 
between, for example, inner city concentrations of poverty and 
suburban employment centers where a growing share of new jobs 
is located. Although new transit routes and fare policies might be 
motivated by the desire to address the economic plight of the poor 
population, they provide broader benefits by giving options to 
many people who are neither carless nor jobless. They also con- 
tribute to potential reductions in traffic congestion and improve- 
ments to the environment from possible decreases in peak period 
driving. 

On the other hand, under most circumstances automobiles provide 
a higher level of mobility than public transit. Policies that subsidize 
transit use by the poor can intensify social and physical mobility gaps 
between rich and poor that result from what is already a two-class 
transportation system in which people having the means to do so 
most often drive and the poor have no option but to use the bus. 
Policy makers would like to decrease the social distance by creating 
incentives for more people who do have choices to use public tran- 
sit, but they remain more hesitant to encourage poor individuals to 
travel by car. Images persist in the minds of politicians and in the 
media—sometimes based on real cases—of “welfare queens” who 
drove expensive cars while they were receiving public assistance. In 
response, policy makers have consistently been ambivalent about 
using public resources to help people increase access to auto- 
mobiles, even though the benefits of increased automobile access 
are well documented. 

For along time, for example, welfare policies have considered the 
value of an automobile to be a financial asset that limited eligibility 
for the receipt of general relief and aid to families with dependent 
children. In California, calculation of benefits has been based on a 
monthly subsistence budget that includes food, clothing, and shelter 
but that excludes transportation costs. In some counties, people 
receiving general relief are required to apply for a specified number 
of jobs per month as a condition for receiving payments. Because their 
monthly benefits do not provide for transportation costs, recipients 
can receive transit fare subsidies by traveling to a state program office 
and showing evidence that they have an appointment for a job inter- 
view, at which time they are reimbursed for transit fare for the trip to 
the benefits office as well as for the job interview. If a person receiv- 
ing general relief wishes to pay a car owner in his or her community 
for a ride to a job interview because transit connections are poor, that 
expense is not allowed in many locations. 
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It is known from many studies that newly employed individuals 
generally include the purchase of automobiles among the benefits 
of their recent good fortune. Automobile access often provides 
more direct trips and shorter travel times between home and work 
for newly employed individuals, even where traffic is slow because 
of congestion. In the year 2000, for example, U.S. census data showed 
that the average journey to work by automobile took 24.7 min, whereas 
the average bus commute took 45.9 min and the average subway 
commute took 47.8 min (JJ, p. 109). Coming with automobile access 
are greater choices of residential and employment locations and access 
to entry-level jobs that might require working the graveyard shift, 
when transit service is sparse. Cars certainly provide the benefit of 
greater access to health care options, shopping locations, and social 
activities as well. In the latest edition of Commuting in America, 
Pisarski interprets it as a measure of social and economic progress 
that between the censuses of 1990 and 2000, the proportion of African- 
American households that were carless decreased from 31% to 24%, 
indicating an improvement in their standard of living and a commuting 
situation less constrained by income and by residential location in 
urban central cities (11, p. 44). 

Despite a substantial body of evidence that improvement in personal 
mobility through access to automobiles can dramatically improve the 
well-being of the poor, American policy makers have been reluctant to 
appropriate public funding to programs that facilitate car ownership. 
Perhaps they share the view that public transit is almost always starved 
for resources and choose to concentrate on funding the expansion of 
these worthwhile services. Those allocating resources often choose 
not to disadvantage transit’s role in the provision of mobility for the 
poor for fear of weakening its most dependable market segment. Many 
continue to some extent to think of a car as a luxury and to fear that at 
least some poor people will use cars frivolously. Some policy makers 
do not want to support policies that might promote even marginal 
growth in traffic congestion, air pollution, and fuel consumption. 
For all these reasons, programs such as the federal Job Access and 
Reverse Commute program have emphasized the improvement of 
public transit links to employment and restricted the use of resources 
for programs that would help low-income people acquire cars by 
subsidizing automobile loans, car insurance payments, and payments 
to car owners for providing rides to carless people (/3). 

Whether the allocation of public resources to increasing access 
to automobiles would dramatically improve the well-being of poor 
people, private-sector, foundation, and charitable initiatives have 
enabled programs to offer car ownership options to low-income 
people, and the benefits of those programs have been touted, even 
though the numbers of beneficiaries have been small. When the CNN 
television network honored several dozen community heroes in 2009, 
highlighting the work of “ordinary people creating extraordinary 
impacts,” it included Susan Jacobs among the award winners. Since 
2003, Her Wheels of Success Program had provided 280 donated, 
refurbished, and carefully inspected used cars to poor families. 

In covering her award, CNN reported that Jacobs had stated, 
“Receiving . . . the caris more than just the car. People literally see how 
it’s going to change their life” by knocking down an obstacle that had 
gotten in their way because of a lack of transportation. The coverage 
featured vehicle recipient Jessica Ostrofsky and stated: 


Judging by her proud expression as she left the parking lot in her 1991 
Honda Accord for the first time, Jessica Ostrofsky could have been 
driving a brand new sports car. 

“I’m so happy,” she said with a laugh. “Having this [car] is going 
to change my life drastically because it’s going to make me totally 
independent.” 
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Ostrofsky, 31, a single mother of three, had been leaving her house 
before dawn—toting a stroller, car seat, diaper bag, and purse—to catch 
a bus. She would go first to her children’s babysitter and then to work. 
The trip took up to three hours. (/4) 


Increasing economic and social well-being throughout the world 
is dependent on increasing mobility. Enhancing people’s ability to 
travel from place to place is fundamentally and causally related to 
increasing their well-being. This is most dramatically true in countries 
undergoing rapid development, especially as the economies of dif- 
ferent countries become ever more interdependent on one another. 
Because of the persistence of extreme inequality, this remains an 
important issue in the United States, despite the high standard of 
living and already extreme levels of mobility among middle- and 
upper-class Americans. 


ADDRESSING MOBILITY AND POVERTY 
WITHIN GLOBAL EFFORTS TO 
CONFRONT SUSTAINABILITY 


The single greatest challenge facing transportation policy makers 
right now—perhaps the greatest challenge of this century to policy 
makers all over the world—is what has come to be known as the 
challenge of sustainability. There are, of course, many definitions of 
sustainability and sustainable development. All the definitions relate 
in large part to (a) humanity living within the limits provided by the 
available resources and the carrying capacity of the environment; 
(b) recognizing and addressing the interconnections among economy, 
social well-being, and the environment; and (c) equitably distributing 
resources and opportunities for advancement across places and across 
time, that is, recognizing responsibilities to other regions of the world 
and to future generations. 

The most immediate sustainability challenge is addressing the 
global rise in GHG levels and the consequent threat of global cli- 
mate change, which, among policy makers, has eclipsed in urgency 
the more philosophical and inclusive definitions of sustainability. 
Even if the global community were able to dramatically reduce the 
burning of carbon-based fuels and, consequently, the levels of 
production of GHGs in coming decades, it is already facing a rise in 
temperature, changes in weather patterns, the melting of the polar 
ice caps, and rises in sea levels (15). 

The transportation sector is, behind electricity generation, the 
second-largest source of GHG emissions in the United States, 
accounting for an estimated 28% of total emissions. The United States 
is responsible for about one-third of all transportation emissions 
in the entire world, and American transportation systems alone 
produce 7% of the world’s total GHG emissions (16). Transportation 
is the fastest-growing source of GHG emissions worldwide. In the 
United States, over the past 15 years, the transportation sector was 
responsible for roughly half of the growth in America’s contribution 
to global GHG levels, but the rates of increase from transportation 
outside the United States exceed the rates of growth here, as other 
nations’ rates of motorization are now growing at rates experienced 
in the United States between seven and nine decades ago. 

There is every reason to believe that reductions in the levels of 
GHG emissions will be the primary focus of global and, in particular, 
American environmental policy and will come to dominate trans- 
portation policy over the coming several decades (17). The U.S. 
Supreme Court ruled that carbon monoxide can be regulated under 
the Clean Air Act, and in November 2009, the U.S. Environmental 


Protection Agency (EPA) officially declared climate change to be 
a risk to public health and welfare, enabling the EPA to regulate 
GHG emissions under the Clean Air Act (18). The U.S. president 
has called for strict GHG emissions standards for all vehicles, and 
the American Clean Energy and Security Act of 2009 (also known 
as the Waxman—Markey Bill) calls for a national reduction in GHG 
emissions of 83% by 2050 in comparison with the emissions in 2005. 
Although the United States was not a party to the Kyoto Protocols and 
other countries have already formulated programs that demonstrate 
how demanding of change such goals can become, the United States 
is attempting to become a more active player in the very near future. 
National policy is just beginning to take shape, but the mayors of thou- 
sands of American cities have already signed the Climate Protection 
Agreement and are taking action locally (19). 

In a world in which the distribution of mobility is enormously 
unequal, it is inevitable that competing imperatives of reducing GHG 
emissions and improving mobility will come into conflict and will 
have to be considered jointly. Erling Holden has grappled with the 
intersection of sustainability and mobility, adapting others’ earlier 
conceptions of sustainable development to suggest that it includes the 
need for sustainable mobility. He asserts that the impacts of mobility 
should not be allowed to threaten long-term global sustainability and 
advocates achieving sufficient mobility to provide for basic human 
needs while addressing intergenerational and geographic equity 
(20). Holden develops proposals for achieving sustainable mobility 
in the European Union. His proposals include (a) the development 
of new technology to provide improved mobility while relying on 
less petroleum fuel; (b) a greater reliance on public transport; (c) the 
development of “green attitudes,” leading people to make choices 
that are more considerate of their environmental implications; and 
(d) land use planning. 

Establishing the right balance between the benefits and costs of 
mobility is an enormously difficult task. This difficulty is illustrated 
by recent revelations that exposure to motor vehicle exhaust creates 
higher risks of asthma and cancer where people reside in close 
proximity to heavy traffic. However, the transportation system deliv- 
ers to citizens dramatic advances in life expectancy because of access 
to emergency and routine health care and because the goods movement 
system brings to people at ever lower costs the foods and medications 
that help them to improve their health. The recognition that such 
benefits are critical to modern society does not constitute denial of the 
reality of the health hazards associated with exposure to the exter- 
nalities of the transportation system. Societies must find ways of 
expanding the benefits of mobility while reducing the serious harm 
to health inflicted by current transportation systems. The answer 
will not be found by insisting that governments choose between the 
reduction of mobility for the sake of eliminating its harms or pro- 
moting acceptance of the harms to benefit from growing mobility. 
A path by which to achieve balance between these two important 
goals must be found. 

A lively debate has followed publication of a recent report more 
focused on American policy than was Holden’s book. Jointly com- 
missioned by a group of divergent American constituencies—real 
estate developers, oil companies, environmentalists, government 
environmental agencies, philanthropic foundations, and transportation 
advocates and agencies—who cosponsored a study by a respected 
consulting firm to analyze transportation strategies for reducing GHG 
emissions, the report entitled Moving Cooler, has become contro- 
versial (2/). The report, echoing the themes of Holden’s book, asserts 
that transportation strategies to reduce GHG emissions fall into four 
basic approaches: vehicle technology, fuel technology, travel activity, 
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and vehicle and system operations. Accepting the importance of 
technological approaches involving vehicles and fuels, the focus of 
the consulting report by Cambridge Systematics, Inc. (CS), based on 
modeling the impacts of several strategies, is on the last two of these 
categories: travel activity and transportation vehicle and system 
operations. The analysis performed by CS considered a wide variety 
of strategies, including pricing, taxes, land use changes, public trans- 
portation and nonmotorized transportation improvements, ridesharing, 
government regulations, capacity expansion, improvements in intel- 
ligent transportation systems, other operational strategies, and freight 
strategies. It considered implementing bundles of strategies at differ- 
ent levels of intensity, from one modestly labeled “expanding current 
practice” to others called “aggressive” and “maximum effort.” 
These strategies did not incorporate the impacts of potential tech- 
nological changes that could be of enormous importance, but the 
analysis showed that within the illustrative bundles of strategies, 
those that contribute the most to reductions of GHG emissions are 


local and regional pricing and regulatory strategies that increase the 
costs of single occupancy vehicle travel, regulatory strategies that 
reduce and enforce speed limits, educational strategies to encourage 
“eco-driving behavior” that achieves better fuel efficiency, land use and 
smart growth strategies that reduce travel distances and multi-modal 
strategies that expand travel options. (2/, p. 6) 


The authors assert that their results demonstrate that transportation 
agencies and other decision makers could create effective combina- 
tions of transportation strategies that provide high-quality transporta- 
tion services while reducing GHG emissions. The reductions in GHG 
emissions that they estimate to be possible range widely, depending 
on the aggressiveness of the strategies, from reductions of a few 
percentage points to nearly 25% over 35 years in comparison with 
the emissions in a baseline scenario. The most aggressive scenarios 
involved very substantial price increases (approximating European 
levels of taxation of motor fuels, for example), regulations that would 
widely be seen as very burdensome, substantial increases in urban 
densities, and limits on the expansion of urban footprints. 

After its publication, the report was welcomed by environmental 
organizations and climate change advocacy groups but was denounced 
by many organizations representing transportation interests, surely 
demonstrating how diverse the views on a topic of this complexity 
can be (22). One blog featured an article in which Wendell Cox stated 
that the report “advocated charging people $400 per year to park on 
the street in front of their own houses, imposing tolls on all currently 
free roads, and adding as many people as now live in Mexico and 
Guatemala to existing U.S. cities without expanding their boundaries.” 
Cox asserted that “all of this would worsen traffic congestion, lengthen 
travel times for those who can still afford to drive, and severely 
intensify the unhealthful air pollution the nation has fought so 
successfully to reduce over the past four decades” (23). 

Despite the controversy that followed in the wake of the publi- 
cation of Moving Cooler, another group of experts impaneled by 
TRB recently completed a report that reached similar conclusions. 
In Special Report 298, the panel concluded that “the literature suggests 
doubling residential density across a metropolitan area might lower 
household VMT [vehicle miles traveled] by about 5 to 12 percent,” 
and perhaps by as much as “25 percent” (24, p. 4). In light of such 
conclusions, the panel recommended, “Policies that support more 
compact, mixed use development and reinforce its ability to reduce 
VMT, energy use, and carbon dioxide (CO,) emissions should be 
encouraged” (24, p. 11), but was also careful to point out that “[M]ore 
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carefully designed studies of the effects of land use patterns and the 
form and location of more compact, mixed-use development on VMT, 
energy use, and CO, emissions should be conducted so that compact 
development can be implemented more effectively” (24, p. 12). 

These reports are part of a growing scholarly trend leading to the 
conclusion that even substantial and highly disruptive departures 
from business as usual will likely fall short of achieving the intended 
goals with respect to reductions in GHG emissions. In the United 
States, it would be extremely difficult to implement through ongoing 
policy-making processes most of the demanding measures analyzed 
in these reports and that critics assert would change the nature of 
urban areas while leaving the nation short of sufficient GHG emissions 
reductions. 

Technological innovation must play a central role in efforts to 
address climate change through transportation policy. The importance 
of technological advances becomes critically apparent when one 
considers the social impacts of policies imposing dramatic reductions 
in mobility or that require substantial and costly modifications to the 
built environment that many find to be objectionable. For example, 
quintupling the fuel efficiency of vehicle engines and the widespread 
introduction of plug-in hybrid vehicles, as ambitious as these actions 
might appear to be, were made to appear more meaningful by com- 
parison with the modest reductions in GHG emissions that could be 
achieved by dramatic changes in urban form. 

Given the importance of improved mobility in the alleviation of 
poverty domestically and globally, the emerging debate over trans- 
portation and sustainability provides cause for alarm. Too much of 
the current debate is about potential losses of mobility among the 
middle- and upper-class citizens of developed countries who for 
a century have been living lifestyles characterized by high levels 
of relatively inexpensive mobility that are steadily depleting world 
petroleum reserves and increasingly adding to global climate change. 
Too little of the current debate is about the need to provide globally 
for dramatic increases in mobility while equally dramatically reducing 
the emissions of GHGs. 

In debates about reducing GHG production, participants have only 
started to take note of the importance of the social changes needed 
because of the unequal distribution of resources, including mobility 
and access, across the world’s population groups. For example, if 
higher costs resulting from transportation pricing were to impinge 
on the mobility of lower-income people, some of the revenues from 
charges and fees could be used to promote more progressive trans- 
portation investments, such as public transit. Although redistribution 
is critically important, its implications are generally overstated by 
policy makers. Redistribution can imply the reallocation of revenues— 
for example, those produced by tolls on driving—so that they benefit 
those who are mobility limited. However, international concern 
must be on critical changes that dwarf the concept of redistribution. 
Worldwide, advances are needed in mobility and access that can 
fundamentally transform relationships among men and women; 
among urban, suburban, and rural populations; between young 
people and old people; and between people of different races. The 
criticisms leveled at the strategies for reducing GHG emissions in 
the United States are instructive because they are, on the one hand, 
so vehement and, on the other hand, so drastically understate the 
challenges that the global transportation policy community must 
face as it considers increasing global mobility levels by several 
orders of magnitude while reducing equally dramatically GHG 
emissions. The time window within which progress is necessary 
is not a large one. 


Wachs 


Western society is beginning to take note of the extremely demand- 
ing challenges involved in trying to reduce GHG emissions while 
enhancing economic growth and political sustainability worldwide. 
It is gradually becoming clear that the need for mobility as a part 
of the quest for a more sustainable world cannot be resolved by 
dramatically reducing personal mobility in developed countries or 
by lessening economic interdependence on the basis of the global 
logistics network. Although such efforts may constitute a small part 
of addressing the needs of the world into which society is entering, the 
challenges are many orders of magnitude more demanding than 
those seen to be so daunting by the critics of Moving Cooler. 

Global political stability depends on sustainable development 
that incorporates accelerating progress at poverty reduction through 
increased access and mobility everywhere, and physical survival 
depends as well on addressing the equally critical issue of global 
climate change. It is futile to argue that reducing GHG emissions 
within the United States is unachievable or must come at the expense 
of economic and social development elsewhere. Institutions through 
which to both improve worldwide economic well-being and reduce 
GHG emissions must be designed. 


PARTICIPATING IN A GLOBAL PROGRAM 
FOR TRANSPORTATION SUSTAINABILITY 


The debates in the United States have not yet faced the most basic 
element of the sustainability dilemma. Burning a gallon of fossil 
fuel in a poor nation, where the contribution to the betterment of 
society can be vital, contributes as many GHGs to the atmosphere 
as burning a gallon at home. American policy makers—and the 
transportation policy community in particular—will have to include 
in analyses of strategies for dealing with climate change both 
the costs and the benefits to the entire global community of GHG 
emissions that result from improvements in mobility and access 
in this and other regions of the world. Conversely, they must analyze 
the benefits as well as the costs to global economic progress caused 
by reductions in the use of fossil fuels in the United States or from 
the successful implementation of carbon capture and sequestration 
methods. 

The interconnectedness among people everywhere implied by 
the sustainability challenge contains the kernel of opportunity for 
progress over the coming several decades. The United States did 
not endorse the Kyoto Protocols, and the international agreements 
thus far in force can be considered deeply flawed; yet the burning of 
carbon-based fuel produces as many atmospheric GHG emissions if 
it is burned in Africa as it does if it is burned in Chicago, Illinois. 
Similarly, the petroleum consumed to generate electrical power or 
drive industrial processes creates as much atmospheric carbon as the 
petroleum used to power a transportation vehicle. The use of petroleum 
anywhere for any purpose can, depending on the nature of the use, be 
essential or wasteful. Genuinely greener transportation technologies 
anywhere in the world can, under the right circumstances, provide 
benefits that enable the expansion of mobility where it is the most 
needed. The provision of bicycles to individuals in low-income 
populations who have none can advance mobility at a modest cost 
in terms of GHG emissions: it does, of course, require energy to 
manufacture bikes and tires. The introduction of low-cost fuel-efficient 
automobiles in many parts of the world can enhance mobility dramat- 
ically while affecting global climate change far less than increasing 
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the numbers of fuel-inefficient vehicles in the same places. The abil- 
ity to reduce CO, emissions from any source—an industrial process 
or power plant, for example—provides policy makers with an entry 
point for the improvement of mechanized mobility somewhere in 
the world. 

The opportunity to shape policy on the basis of the fundamental 
relationships between carbon use and climate change has not been 
addressed in a sufficiently systematic manner in transportation 
research. While recognizing how contentious the situation is, research 
must nonetheless explore mechanisms that could be included in 
international agreements to allow for trading dramatic improvements 
in carbon reduction in one place for economic growth in others. This 
will eventually enable society to realize global returns from investment 
in the green economy. Having agreed to lower carbon emissions under 
the Kyoto Protocols, for example, the Canadian government proposed 
to claim credit for carbon reduction by financing a relatively clean 
natural gas power plant to produce electricity in China in place of a 
planned new coal-fired plant. Having earlier planned to reduce its 
carbon emissions from restrictions on its own transportation system, 
calculations had shown that it could do so more cost-effectively by 
producing a power plant in China and using its emissions credit instead 
of reducing mobility in Canada. 

In the long run, Americans could benefit by dramatic improvements 
in green mobility in more rapidly developing parts of the world. Under 
the right circumstances, such improvements can provide substantial 
economic profits to the developers of innovative technological devices 
for application domestically and for export, whereas the nation 
can gain from the reduction of global tensions that could also result 
from such an international sustainability framework. It is worth con- 
sidering research that addresses both technological and institutional 
changes to help make such a framework possible. In the end, it is 
unlikely that such a concept could be fully implemented, but it is an 
approach to economic development that might permit the simulta- 
neous enhancement of mobility and sustainability in a world in 
desperate need of both. 
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PART 2 


Social, Environmental, and 
Economic Sustainability 


Alternative Transportation 


Financing Strategies 


Special Equity Implications for Older and Retired People 


Sandra Rosenbloom 


This paper presents the major findings from a study conducted for 
AARP (formerly the American Association of Retired Persons) on the 
implications of various transportation financing strategies for older and 
retired people. The study found that almost all current and proposed 
financing mechanisms are or would be regressive and that many would 
have a limited relationship to the costs that users impose on the system 
or the benefits that travelers receive from the system. The most impor- 
tant study finding is that there are more substantial equity concerns for 
older and retired people when less traditional definitions of equity are 
applied. The study concludes that to offset inequities in the current sys- 
tem or a potential system of financing, particularly in how those funds 
are spent to deliver transportation services, it is crucial that all levels of 
government structure and deliver transportation services that respond 
to the specific needs of older and retired people. 


The motor fuel excise tax, a tax on the quantity of fuel sold (and not 
the price of that fuel), has been the traditional source of federal and 
state revenues for financing the U.S. surface transportation system 
for over half a century. It is abundantly clear, however, that at cur- 
rent levels the fuel excise tax is no longer sufficient to meet the exist- 
ing or future needs of the transportation system (J—3). Moreover, the 
historical link between the fuel excise tax and the actual use of the 
system has substantially eroded; thus, the fuel tax encourages the 
inefficient use of the system, congestion, environmental degradation, 
and accelerating demands for new facilities. Many analysts and inter- 
est groups have suggested that a variety of more direct user fees 
would provide sufficient transportation revenues far into the future 
while encouraging individual travelers to make more efficient and 
more effective use of the surface transportation system. 

Many critics have challenged the suggested revenue alternatives 
on equity grounds, asserting that direct user fees would be unfair to 
low-income travelers. This paper summarizes the major results of a 
study commissioned by AARP (formerly the American Association 
of Retired Persons) that examined the direction and magnitude of 
the equity effects of a variety of federal, state, and local transporta- 
tion funding sources, both current and potential sources, on older 
and retired travelers. 

The study found that almost all current and proposed financing 
mechanisms do or would take a larger share of the incomes of poor 
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travelers than the incomes of wealthier individuals, and many mech- 
anisms have a limited relationship to the costs that users impose on 
the system or the benefits that users receive from the system. How- 
ever, various revenue sources cannot be evaluated against some 
imaginary perfect tax; rather, they must be evaluated against one 
another to compare the differences in the magnitudes of their equity 
impacts. Because older and retired people have travel patterns dif- 
ferent from the average, revenue sources not linked closely to differ- 
ences in system use, such as driver’s license and vehicle license fees 
and general sales taxes, are more likely to force older and retired 
people to subsidize non-older travelers than many alternative other 
revenue sources do. 

The most important study finding is that from an evaluation of 
both how revenues are raised (as do traditional equity concepts) and 
how, where, and when those revenues are spent (as do the other 
equity concepts used here), the whole surface transportation network 
may be inequitable for a large and growing share of older and retired 
people, even if they are not poor. To offset inequities in both how 
revenues are raised and how those funds are spent, it is crucial that 
all levels of the government structure deliver transportation services 
that respond to the specific needs of older and retired people. Poli- 
cies and programs must improve the highway network in ways that 
make it possible to keep older people driving safely longer; develop 
and strengthen a family of public transit and community transporta- 
tion options geared to the needs of these travelers; improve the local 
pedestrian network in ways supportive of older pedestrians; and pro- 
mote urban design, housing, and land use policies that help older and 
retired people living in the community maintain their mobility and 
accessibility. 

In the sections below, this article first summarizes what is known 
about the equity of current and potential ways to pay for the nation’s 
surface transportation system when they are examined against tradi- 
tional concepts, with the emphasis being on older and retired people. 
The next major section examines the equity of two new alternatives. 
The paper concludes by defining other important equity concepts 
(intergenerational, compensatory, and needs-based equity) and then 
evaluating current and potential financing mechanisms for them, 
again with an emphasis on older and retired people. 


TRADITIONAL EQUITY EVALUATIONS 


There are literally dozens of ways to evaluate equity in transportation 
finance (4-10), but three concepts have dominated most discussions 
of equity in transportation finance in the past and today: the benefits 
received and the costs imposed, or “user-pay” for short; the ability to 
pay; and geographic equity. 
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The first equity concept, the user-pay concept, argues that people 
should pay in taxes or fees an amount equivalent to the benefits that 
they receive from the transportation system or the costs that they 
impose on the system. For example, peak period travelers put a 
much higher burden on the transportation system than those who 
travel during the off-peak period, and those driving polluting vehi- 
cles do more damage to the environment than those driving cleaner 
vehicles. Travelers with heavier vehicles (even if they are very fuel 
efficient) do more damage to the road than those with lighter vehi- 
cles. The equity question is the extent to which any financing mech- 
anism captures these differences, fairly charging those who do more 
damage or receive greater benefits. 

The user-pay concept was the major rationale for the adoption of 
the fuel excise tax by the states and then the federal government 
(1). States actually wanted to impose direct road tolls so that users 
would pay exactly their share of the cost of road construction and 
maintenance. However, given the technology of the time, the con- 
struction and, more importantly, the labor costs required to toll more 
than a fraction of the roads in any state were prohibitive. In lieu of 
imposing road tolls, the states and the public considered it fair to 
impose an excise tax on gasoline and related products as an indirect 
measure of highway use or a proxy for road tolls (/2). 

The second traditional equity concept used in transportation financ- 
ing debates is ability to pay, a concept of equity that argues that it is 
fair or equitable for poor people to pay less of their income for many 
services, including transportation, than wealthier people. Taxes or fees 
that account for a smaller share of the income of the poor than the rich 
are called “‘progressive”’; those that do the reverse, that is, take a larger 
share of the income of the poor than the rich, are called “regressive.” 

The ability-to-pay concept was not a dominant one in transporta- 
tion finance discussions for a number of decades after the implemen- 
tation of the first fuel excise taxes. Over time, however, there has 
been growing concern that building more roads creates complex 
land use and economic patterns that ultimately hurt the transit sys- 
tems on which poorer travelers rely while at the same time forcing 
more of those travelers to spend disproportionate shares of their 
incomes to drive (/3—1/5). 

The third traditional concept, geographic or spatial equity, exam- 
ines the extent to which transportation funds are fairly distributed 
between and among the states, among different regions within one 
state, or among different communities in the same region. This, too, 
was a concept not strongly applied to transportation revenue analyses 
for decades after the implementation of the fuel excise tax because the 
geographic redistribution of funds was clearly necessary to build 
either the national highway network or state or regional networks. 

These traditional equity concerns are important, but they do not 
raise all the questions that should be asked, nor do they address all 
the equity issues that must be resolved for society in general or for 
travelers with needs different from the average, such as older and 
retired people. The following discussion identifies traditional and 
potential revenue sources and evaluates them by using the three tra- 
ditional equity concepts. The next section focuses on less traditional 
but arguably more relevant equity concepts. 


CURRENT AND POTENTIAL 
FINANCING MECHANISMS 


The nation’s highways, public transportation, community transport 
systems, and pedestrian and cycling facilities are funded from a 
combination of federal, state, and local revenues. The majority of 
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transportation expenditures for all modes are financed by revenues 
raised by the state and local governments. Moreover, many of the 
suggestions for alternative federal revenue sources include the adop- 
tion of revenue mechanisms long used at the state level (such as sales 
taxes on the price of fuel). Table 1 identifies the major current and 
proposed revenue sources either used at or suggested for adoption at 
the federal and state levels, which are discussed below. 


History and Use of Fuel Excise Tax 
and Trust Fund Revenues 


The states were the first to implement fuel excise taxes, that is, taxes 
on the quantity of gas and other fuels purchased and not the price. 
Those revenues were placed into trust funds, accounting mecha- 
nisms designed to ensure that revenues from transportation taxes 
were used only for highway expenditures. Oregon was the first state 
to do so, in 1918, but most states quickly followed suit in the next 
decade. The states were motivated to implement these taxes because 
highway costs were threatening to swamp state budgets. For exam- 
ple, in the 1920s, California was spending more than 40% of total state 
revenue on constructing and maintaining state roadways (J//). 

The federal government began levying fuel excise taxes in 1932; 
unlike the states, however, the national government did not sequester 
these revenues in a separate accounting mechanism or trust fund for 
over 20 years. In 1956, the U.S. Congress established the national 
Highway Trust Fund to provide the financial resources to allow the 
states to build a national network of toll-free highways, or freeways. 
Today the federal gasoline excise tax is 18.4 cents per gallon; the 
federal tax on diesel fuel is 24.4 cents per gallon. In 2006, total trust 
fund revenues financed roughly 88% of all federal expenditures for 
transportation (/6). 

In 2008, all 50 states plus the District of Columbia and Puerto Rico 
imposed a fuel excise tax on various types of fuels; the majority of 
these governments (42 of the 52) imposed a higher gasoline tax than 
the federal government [although some or all of these taxes were set 
to expire after a certain date, required voter reauthorization, etc. 
(17)]. The highest state tax on gasoline—37.5 cents per gallon—was 
imposed by North Carolina; the lowest tax on gasoline—7.5 cents 
per gallon—was imposed by Georgia (followed closely by Alaska at 
8 cents per gallon). The weighted average for all these governments 
was 20.481 cents per gallon of gasoline (17). 

The federal government and all of the states plus the District of 
Columbia and Puerto Rico also tax diesel fuels. The current federal 
excise tax on diesel fuel is 24.4 cents per gallon; the weighted aver- 
age for the 52 jurisdictions is 20.768 cents per gallon. The federal 
government taxes liquefied petroleum gas and gasohol, but not all 
states do (/7). 

The three other major sources of revenue for the federal Highway 
Trust Fund are sales taxes on trucks, trailers, and tires and heavy- 
vehicle-use fees; some states impose similar charges, but these vary 
widely. Overall, the rationale for such charges is to assess heavy- 
vehicle users for the extra damage that they do to the nation’s high- 
ways. The extent to which these taxes and fees adequately compensate 
for these extra costs is open to debate; most analysts do not believe 
that they are high enough to do so (/8). 

Although there is substantial discussion of alternatives to the var- 
ious fuel taxes, one option for obtaining additional revenue is to 
raise the fuel excise tax to cover revenue shortfalls. This is very hard 
to do politically, however (/): the last time the federal tax was raised 
was 1993. 


TABLE 1 


Rosenbloom 


Revenue Mechanism 


Existing revenue sources 


Fuel excise taxes based on price and 
not quantity of fuel purchased 
Sales taxes on trucks and trailers 


Heavy vehicle use fees based on 
capacity 

Sales tax on tires based on size or 
capacity 


Sales tax on fuels based on price and 
not quantity 


Sales tax on all vehicle purchases 


General consumption or sales taxes 
dedicated to transportation 
expenditures 


Vehicle registration fees 
Driver’s license fees 
Tolls or user fees on individual lanes 


Level of Government 


Federal 


Major component of U.S. Highway 
Trust Fund revenue 

Major component of U.S. Highway 
Trust Fund revenue 

Major component of U.S. Highway 
Trust Fund revenue 

Major component of U.S. Highway 
Trust Fund revenue 


No, but suggested by some studies 


No, but suggested by some studies 


No, but suggested by some studies 


No, but suggested by some studies 
No, but suggested by some studies 
Not directly relevant but states will 


Existing and Proposed Revenue Sources by Level of Government 


State 


Major component of State 
Highway Trust Fund revenue 
Commonly used at the state level 


Used in some form by many 
states 

Used by some states but not 
always dedicated to 
transportation 

Increasingly used by states 


Commonly used at the state 
level but not always dedicated 
to transportation 

Increasingly used by states; 
generally requires voter 
approval 


Commonly used at the state level 
Commonly used at the state level 
Used since colonial times, 
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Local 


Not known to be used at the local level 
Commonly used by local governments 
Not known to be used at the local level 


Not known to be used at the local level 


Increasingly used by local governments; 
generally requires state permission 
and voter approval 

Commonly used by local governments 
but not always dedicated to 
transportation 

Increasingly used by local govern- 
ments to support transportation 
expenditures; usually requires state 
permission and voter approval 

Occasionally used by local governments 

Not known to be used at local level 

Long used at local level but increasingly 


or entire facilities need federal permission to toll 
facilities paid for with federal 


funds 


New revenue sources 
Cordon pricing Not directly relevant 

Distance-based VMT charges Widely advocated to augment or 
replace traditional revenue 


sources 


increasingly being used by 
some states to build entire 
facilities 


being used for new roads, etc. 


Not directly relevant Some local interest; needs state 
permission 

Possible at state level but makes —_ Not relevant 

more sense if applied 


nationally 


— 


NOTE: VMT = vehicle miles traveled. 


Equity of Fuel Excise Taxes 


Are gas and related fuel taxes equitable? The taxes themselves and 
the trust fund mechanism respond to the user-pay equity goal by link- 
ing highway taxes and the charges paid by users to expenditures on 
highway facilities. At the same time, the direct link between use of 
the system and the taxes paid has been effectively broken for many 
classes of users (/—3). 

Most peak period travelers do not pay enough more (even through 
the purchase of the additional gas consumed idling in congestion) 
to offset the additional costs that they impose on the system and 
other users (for example, by creating excess demand for new facil- 
ities to meet peak period needs). Most gas guzzlers do not pay 
enough more in fuel taxes to offset the costs of cleaning up the envi- 
ronmental damage that they create or the health care costs and 
suffering that their pollution imposes on others. Conversely, fuel- 
efficient cars still create costs for the system by being used in the 
peak. As a result, older and retired people, who are far more likely 
to be off-peak period travelers, end up subsidizing those traveling 
during peak periods. 

Against the second traditional equity concept, ability to pay, the 
gasoline taxes paid directly by users are generally assumed to be 
regressive. That is, because poor and rich people pay the same amount 
of tax per gallon of fuel, the tax takes more of the income of the poor 
than the rich (19). Moreover, poorer households and those headed by 
seniors are more likely to drive older cars with lower fuel efficiency, 


so they may be paying more in fuel taxes per mile traveled than 
wealthier travelers. 

Some economists have argued, however, that ability-to-pay assess- 
ments of the fuel excise tax may be simplistic. One objection is that 
the equity of these taxes depends on their ultimate incidence, that is, 
who actually pays them in the end. Individual drivers cannot shift 
the burden of those taxes, but commercial enterprises can. Some 
economists have argued that manufacturers and truckers ultimately 
shift some or all of their fuel tax burden to those who buy transported 
goods; because wealthier people buy more goods into whose price 
fuel taxes have been incorporated, the taxes may not be as regressive 
as they appear (20). 

A second challenge to the assumption that the fuel tax is regres- 
sive is that most poor people are not poor over their lifetimes. Thus, 
any regressivity during one period of their lives may be offset at 
other points in their lives (2/, 22). This may be especially true of 
older or retired people living on fixed incomes who were once far 
wealthier. Although this argument seems more likely to appeal to 
academics than to the public and, thus, politicians, it has been tested. 
Chernick and Reschovsky found that evaluation of the equity of the 
fuel excise tax over 11 years rather than just 1 year did reduce its 
regressivity (23). However, they still found that all but the poorest 
10% of the population still paid more of their income in fuel taxes 
than wealthier individuals did. 

In fact, the regressivity of the various fuel taxes has been one major 
justification for the federal diversion of fuel taxes to fund public 
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transit systems. Although the U.S. Congress established a federal tran- 
sit grant program in 1964 using general revenues, in 1974, the Con- 
gress allowed states to divert some of their federal Highway Trust Fund 
allocations to public transportation, under certain circumstances. In 
1983, the U.S. Congress enacted a 1-cent increase in fuel excise taxes 
dedicated to public transportation and established the Mass Transit 
Account within the Highway Trust Fund to sequester those funds. That 
tax dedicated to public transit has been increased many times over the 
intervening years. 

The third traditional concept of equity is geographic or spatial 
equity. Today, most federal debates about geographic equity are over- 
whelmingly about return to source, that is, the extent to which the 
taxes or fees that people pay for the surface transportation system in 
one state are ultimately spent on transportation services in that state. 
It was clearly necessary to redistribute funds from one state to another 
to build the U.S. Interstate highway system. Today the system is rel- 
atively complete and individual states are often unable to adequately 
finance their own maintenance and construction needs. In response to 
geographic equity complaints from “donor” states, the last major fed- 
eral transportation legislation, the Safe, Accountable, Flexible, Effi- 
cient Transportation Equity Act: A Legacy for Users, required that 
each state receive back at least 92% of its fuel excise tax contributions 
to the national Highway Trust Fund. 


Sales Taxes 


Unlike the federal government, the states gain an additional and grow- 
ing share of their revenues for transportation from sales taxes imposed 
on the price as well as the quantity of fuels and other transportation- 
related expenditures. Moreover, they are increasingly using general 
sales taxes on a wide variety of goods unrelated to transportation use 
to fund transportation expenditures. States also generally tax the sales 
of all motor vehicles, not just heavy trucks and trailers, like the fed- 
eral government does. As Table | indicates, some studies have sug- 
gested that the federal government could also adopt these kinds of 
taxes to augment fuel excise taxes because they will be a reliable and 
increasing revenue source (3). 

Sales taxes assessed on the price of fuels and vehicles have far less 
of a link to system use than fuel excise taxes do. They are only indi- 
rectly related to how drivers use the system; vehicle taxes in partic- 
ular are very unrelated to system use because they do not charge users 
even a tiny bit more (as do fuel taxes) for traveling during peak peri- 
ods or driving heavy or polluting cars (unless those cars are more 
expensive). Moreover, sales taxes on fuel can change rapidly as gas 
prices fluctuate without reflecting underlying changes in system costs 
or benefits. 

Sales taxes on vehicle purchases may be particularly inequitable 
for older and retired people, who will, on average, drive those vehi- 
cles much less than the average traveler and generally not during the 
peak period. For example, unpublished data from the 2009 National 
Household Travel Survey show that those over 65 years of age com- 
prise 14.4% of all U.S. drivers but account for only 9.9% of all vehi- 
cle miles traveled (VMT), 11.3% of all daily trips, and 12.6% of all 
vehicle trips. 

Sales taxes based on the price of fuel and vehicles are almost uni- 
versally considered to be regressive, taking more of the income of 
those with low incomes than those with higher incomes, failing the 
ability-to-pay equity principle. Because these taxes are added to fuel 
excise taxes in most states, the burden on low-income travelers can 
be substantial. Older and retired people, even if they are not poor, 
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are also unfairly burdened in most cases and may also face addi- 
tional problems in responding to rapidly fluctuating gas taxes (on the 
basis of fluctuating gas prices) because they are more likely to live 
on fixed incomes. 

There have long been suggestions that the United States adopt a 
national sales tax, as many other countries have, whether it is to pay 
for transportation or other services. At the state and local levels, 
implementing general sales taxes on a variety of goods unrelated to 
transportation often requires voter approval (and even state consti- 
tutional amendments, in some cases); this suggests that voters believe 
that they are fair (24, 25). 

Nevertheless, these taxes are also considered by most experts to 
fail both the user-pays and the ability-to-pay principles of equity. 
These taxes hit nondrivers and drivers alike and have almost nothing 
to do with transportation system use (even if it is accepted that almost 
all goods have probably been transported in a vehicle at some time). 
No one is charged more for driving polluting or heavy vehicles or 
during the peak period; poor people pay more of their income in such 
taxes than richer people. Moreover, wealthier people often purchase 
more services that tend not to be taxed at all in most jurisdictions. 

The geographic equity implications of these kinds of taxes are dif- 
ficult to untangle. Like fuel excise taxes, the real equity questions 
arise from how the funds raised are distributed and spent. In some 
states, a percentage of these taxes are dedicated to public transit; to 
the extent that poor travelers or those older or retired can substitute 
transit services for automobile use, which is more expensive, they 
may make the system fairer. Because so many older and retired peo- 
ple live in rural or low-density areas, however, it is questionable 
how useful additional public transit services will be (26). 


Vehicle and Driver’s Licensing 
and Registration Fees 


As Table 1 shows, states also charge registration and license fees on 
both individual drivers and individual vehicles; such fees have been 
suggested to be a source of additional federal revenue. These rev- 
enues are not trivial; in 2008, states received, on average, almost 26% 
of their own-source transportation revenue (not including bond pro- 
ceeds and intergovernmental grants) from these fees, although that 
proportion varied widely by state (27). 

Driver’s license fees that cost more than the administrative 
expense of issuing them clearly fail the user-pay concept, particu- 
larly for older and retired people. The price does not vary with sys- 
tem use; moreover, it is thought that many older people maintain 
their licenses even if they no longer drive (although definitive data 
on this issue are lacking). The fees are generally regressive as well, 
although they may not be high and may not be assessed often. 

The equity implications of imposing a vehicle registration fee 
vary by state because not all states base the fee on the same metric. 
Some states impose the registration fee on the basis of the price or 
the value of the vehicle, and others impose the fee on the basis of 
its weight. Clearly, the latter approach ensures that the registration 
fee has some link, albeit limited, with the costs imposed on the sys- 
tem by that vehicle. However, imposing a fee based on the price 
or value of the vehicle has nothing to do with how or when that 
vehicle is used. 

Again, older and retired people are hit harder by such fees 
because (a) they drive less than the average driver, regardless of 
what their vehicle cost; (b) they tend to drive older, heavier vehicles; 
and (c) they are thought to hold onto their vehicles even if they no 
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longer drive (although, again, only anecdotal evidence of the last 
assertion is available). 


Direct User Fees and Tolls 


One of the oldest continuing methods of obtaining revenues for 
transportation infrastructure investments is directly charging tolls or 
user fees for individual facilities. Since colonial times, many canals 
and bridges and roads across the United States were built and oper- 
ated with funds from tolls and use fees; loans were often secured 
(i.e., bonds were issued) with future revenues and paid off over time. 
Technology has improved substantially, facilitating lower collection 
costs and, more importantly, convenient payment schemes (through 
the use of in-vehicle transponders, for example). Technology also 
offers the possibility of using sophisticated price schedules that vary 
the charges by the level of congestion on the facility (or adjacent 
untolled facilities), as well as by the time of day or the characteris- 
tics of the vehicle (28). This creates the opportunity sought long ago 
by state governments to charge users directly for the benefits that 
they receive or the costs that they impose on their roadway systems. 

Although the federal government does not have a system of tolled 
roads, in 2008, the states received, on average, over 9% of their total 
own-source transportation revenues (excluding bond proceeds and 
intergovernmental transfers) from road and bridge tolls. However, 
that number is misleading because a few states accounted for a large 
share of the total state toll revenue; only 30 of 52 jurisdictions (the 
50 states plus the District of Columbia and Puerto Rico) reported 
any toll revenues. The amounts were often quite small, suggesting 
a limited number of state tolled roads or bridges. For example, Con- 
necticut, New Hampshire, and Tennessee all reported receiving less 
than $700,000 in toll revenues in 2008. Conversely, Florida and 
New York each reported receiving over $1 billion in road and bridge 
toll revenues in the same year (27). 

Over the past decade there have been serious suggestions that 
states and localities make far greater use of road tolls on entire road- 
way facilities or on individual freeway lanes to (a) obtain additional 
sources of continuing revenue that can be used to both pay off con- 
struction costs and maintain the facility and (b) make more efficient 
use of the transportation system, for example, by charging more for 
travel during the peak period (29, 30). Although the federal govern- 
ment may not have any role at all, federal permission would be 
required to toll either existing facilities or new ones that were or 
would be paid for in any measure with federal trust funds (or, indeed, 
any federal transportation funds). 

These kinds of revenue mechanisms are far more likely to link the 
use of the system to the costs and benefits experienced by individ- 
ual travelers, especially if they are varied by the time of day or the 
level of congestion. Moreover, no one pays for the facilities if they 
do not use them. Thus, user fees clearly meet the user-pays criterion 
of equity more than the fuel excise tax does, let alone more than var- 
ious sales taxes based on the price of fuel, vehicles, or licensing do. 
It is clear, however, that such fees and charges are regressive. 

However, some analysts argue that these charges do not dispro- 
portionately burden poor people if a poor traveler has other choices 
and need not use such tolled facilities—which is true for most newer 
or proposed tolled lanes and facilities (that is, there are parallel free 
lanes or highways). That argument in turn raises the “Lexus lane” 
concern: people who have the money will gain the time and reliabil- 
ity benefits promised by these facilities, but poor people will be 
forced to struggle with congestion, among other things. Some ana- 
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lysts have countered that such facilities are often located in suburban 
areas, SO most poor users would never need to use them (31). 

To the extent that older and retired people can either avoid a tolled 
facility at all or travel only during the off-peak period, they may find 
such mechanisms to be far more equitable than most existing ways 
of raising transportation revenue. Because so many older and retired 
people live in rural or suburban areas, they may gain transportation 
improvements that they would receive in no other way. Even if they 
have to pay more for any given trip, they may end up paying less in 
other taxes and fees if new highways are built as tolled roads rather 
than raising other taxes and fees unrelated to system use (32). 


Summary 


Most current financing mechanisms may hit older and retired peo- 
ple harder than the average traveler even if they are not poor because 
they make less use of the transportation network, travel during off- 
peak periods, and have less ability to respond to rapidly fluctuating 
taxes because they live on fixed incomes. At the same time, older 
and retired people are more likely to drive older vehicles, which are 
often heavier and more polluting. Thus, the question addressed in 
the next section is, are newer mechanisms likely to be more or less 
inequitable for older and retired people when they are evaluated 
against the traditional definitions of equity? 


NEW AND EVOLVING REVENUE SOURCES 


Table 1 also identifies two highly debated alternatives or additions 
to the current transportation financing system: cordon pricing and 
VMT fees. Both have been used in other industrial countries; some 
states in the United States have used VMT fees to some degree for 
heavy commercial vehicles. Both cordon pricing and VMT fees 
have been challenged on the basis of a wide variety of equity (and 
other) grounds but most specifically on the basis of their impact on 
poor travelers. 


Cordon Pricing 


The goal of most cordon pricing strategies is to reduce traffic con- 
gestion in certain central areas by actively discouraging automobile 
travel while enhancing the use of mass transit and other travel 
options. That is, the equity goal is to increase the link between sys- 
tem use and the price paid by travelers while offering some alterna- 
tives to poorer users. Although no cordon pricing strategies are 
ongoing in the United States, many people are familiar with the Lon- 
don cordon pricing scheme: to cross over an invisible line into cen- 
tral London, those coming by car for most of the day must pay a high 
additional price. 

The city of New York recently tried to implement a federally sup- 
ported demonstration of a cordon pricing strategy to price entry into 
Manhattan to reduce traffic congestion and delays. The majority of the 
members of the New York State legislature refused to pass enabling 
legislation because they were “strongly influenced by concerns that 
the plan would be regressive and because they believed that the pri- 
mary impact would fall on working class residents outside Manhattan” 
(3, p. 130). It is notable that in London certain workers, such as fire- 
fighters and teachers, are given reduced-price or free entry into the 
cordoned area. 
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There is strong evidence that public transit use rose significantly 
in London, suggesting that many travelers who could not afford the 
cordon fee had sufficient and adequate alternatives. (London spent 
a substantial amount of money to improve bus service both before 
and after implementation of the pricing strategy.) However, transit 
use has not increased substantially in other cities with cordon schemes, 
particularly Stockholm, Sweden. This again raises the question of 
choice: do users have meaningful alternatives to driving and pay- 
ing the cordon fee? When and where they do have such choices, the 
ability-to-pay concerns may be met (16, 3/, 33, 34). 

However, if transportation alternatives are limited or inappropri- 
ate and travelers are forced to continue to drive and pay the fee or are 
forced to change, for example, jobs, doctors, or preferred shopping 
locations to avoid doing so, the equity consequences may be consid- 
erable in both the short and the long run. It is hard to say if cordon 
pricing schemes are fair for older and retired travelers in the abstract; 
each proposed strategy must be evaluated separately on the basis of 
the appropriateness of the transportation services available and the 
travel preferences and patterns of the travelers. 


Charges per Vehicle Miles Traveled 


A VMT or mileage fee would charge travelers for their actual use of 
the entire highway system rather than just for their use of a high- 
occupancy toll (HOT) lane or bridge or one tolled road segment. The 
simplest approach would be to charge only for the distance traveled 
at a unit charge per mile. However, the technology exists to distin- 
guish different features of the driver, the vehicle, the route, and the 
trip. This information could be the basis of differential charges 
designed to maximize revenue, deter certain travel choices, reward 
other travel choices, or vary charges to meet ability-to-pay (and per- 
haps other) equity goals (28). At the same time, the more compli- 
cated that the pricing schedule is, the more difficult it is for users to 
understand, which itself can raise equity concerns. 

In a superficial way, the VMT tax seems likely to be much more 
equitable for older and retired travelers than other ways of financing 
the surface transportation system; but that will depend on (qa) their 
income, residential location, and travel patterns; (b) whether a VMT 
fee varies with the time of day and the relevant vehicle characteris- 
tics; and (c) whether it is applied in addition to any of the current 
financing mechanisms used at the federal or state (or local) level or 
whether it replaces some or all of those taxes and fees. 

Overall, it seems likely that because older and retired people drive 
so much less than other travelers, the VMT fee will be fairer because 
it will directly link the amount that they pay to their actual use of the 
system, thereby reducing their subsidies to other road users. Even if 
they are poor or are constrained by fixed incomes, older travelers 
may still pay much less to drive than they would under any other 
financing strategy, and they will have more control over the amount 
that they pay because they can reduce the miles that they travel but 
not the price of gas or other taxed items. 


ALTERNATIVE EQUITY DEFINITIONS 


By using traditional equity definitions, it seems clear that most cur- 
rent and alternative funding sources raise equity concerns. Many 
current mechanisms have limited or no direct link to system use, and 
paying any of them takes more of the income of poor people than of 
the income of wealthier people. Older and retired people in general 
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may be unfairly burdened by many of these mechanisms because the 
charges do not vary with system use, although they travel so much 
less than other travelers and travel more during off-peak periods. 

Traditional equity standards, and particularly the ability to pay, 
largely focus on how paying a tax or fee affects individuals. How- 
ever, an equally important question, particularly for older and retired 
people, is the nature and the distribution of the services and facilities 
paid for with these revenues. This issue is not entirely divorced from 
the user-pay and geographic concepts of equity. However, neither of 
those traditional equity concepts fully covers the idea that crucial dif- 
ferences in the ways in which transportation services are planned, 
structured, organized, and maintained have different and substantial 
equity implications, particularly for older and retired people. 

Three less discussed equity concepts give different insights: 
intergenerational, compensatory, and needs-based equity concerns. 


Intergenerational Equity 


Most people believe that one generation should not be unfairly bur- 
dened or advantaged by the actions of another generation. It is in- 
equitable for current travelers to be forced to pay the full cost of 
transportation facilities that will continue to provide services to gen- 
erations of future users, users who will underpay for those services. 
Conversely, current travelers (or taxpayers) should not pass on all the 
costs of a transportation facility to future generations without paying 
for their fair share of the facility today. 

The intergenerational equity concept is a major rationale for incur- 
ring debt to finance infrastructure. Borrowing to build a long-lived 
facility (like a highway or a light rail system) is defended on the 
grounds that if the current users paid the full price of such facilities 
at the time that they were built, they would be giving a free gift to 
future generations. Paying debt off over the life of a facility spreads 
the cost over generations of users. 

A problem arises, however, if the expected sources of revenue to 
pay off the original debt do not materialize. A major NCHRP study 
found that the rates of use, and thus the revenues, of a large number 
of toll roads and bridges were far below both initial and continuing 
expectations (35). When highway projects fail to produce enough 
revenue from user fees, tolls must be raised or bonds must be refi- 
nanced, costing current users far more than anticipated and perhaps 
more than their use of the facilities would warrant. 

In such situations, older taxpayers might shoulder a greater share 
of the financial burden because they have a shorter time to recoup 
their investments in such facilities. In addition, older people on fixed 
incomes may have less ability to respond to the rapidly rising charges 
or taxes needed to cover debt service in the absence of sufficient cur- 
rent revenues. Given the growing use of public—private partnerships 
(PPPs) and road tolling alternatives that are based on predicting the 
actual ridership or rates of use of proposed facilities, this may be a 
crucial equity issue. 


Compensatory Equity 


Ifa financing mechanism is thought to be inequitable on the basis of 
ability-to-pay standards, these inequities can be directly or indirectly 
offset by compensating people for their burden. The most direct 
response would be to provide discounted rates or tolls to poor (or 
older) drivers or to forgive tolls, taxes, and fees entirely (16). To use 
tolled roads or HOT lanes, people who did not have credit cards or 
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who could not afford to buy discounted monthly passes or vehicle 
transponders could be assisted with doing so (/6, 31). 

A more indirect way to compensate for inequities in paying a fee 
or a tax is to seek to balance the impact of revenue collection with 
how those funds are actually spent. For example, early work on 
public transportation financing (36-38) found that traditional meth- 
ods of paying for public transportation were regressive. However, 
it was concluded that compared with the benefits that most users 
received, the system was ultimately mildly progressive because the 
poor used public transit services so much more than the rich did. It 
was found, however, that incidence was very sensitive to the mix 
of funding sources used to finance public transit and to local transit 
service patterns, a point that will be discussed below. 

The most common method suggested to be used to compensate dis- 
advantaged travelers for the disproportionate burden that they might 
bear from highway taxes and fees is to pay for new or expanded pub- 
lic transportation services (16, 30, 33, 34). It is not at all clear, how- 
ever, that simply providing more public transit services will help older 
and retired people burdened with (a) sales taxes on nontransportation 
goods or (b) new taxes or fees on travel. 

It can be argued that should transportation operators be funded to 
provide more services, people who could not afford to pay gas taxes 
or road tolls would have more options. However, simply adding 
more services may not really compensate for payment inequities 
because of the ways in which public transportation services are 
provided, particularly for older and retired people. 

Most older people do not travel during the peak period on public 
transit any more than they do on highways; they may need travel 
options at night or in bad weather when they would prefer not to drive. 
Older people are more likely to be bus riders than rail riders (39, 40). 
Thus, public transit improvements designed to serve work locations 
or peak period travel, particularly new rail services, may not provide 
many additional options for older and retired people. 

In short, spending more on traditional public transit services is far 
from automatically useful to older and retired travelers. Providing 
additional public transportation services addresses only the regres- 
sivity in highway financing if those services are geared to and used 
by those who are unfairly burdened by highway financing techniques 
and provided in response to their needs. 


Needs-Based Equity 


The equity concept of need focuses on the fairness of the provision 
and distribution of services. The standard asserts that transportation 
facilities and services should be distributed on the basis of need, 
which may not overlap with the ability to pay. This criterion of equity 
recognizes that different people, such as older travelers, require dif- 
ferent services and different service attributes than the general pub- 
lic and that these needs are not always based on how much money 
they have. 

People with more money can certainly meet some of their addi- 
tional or special needs without government assistance. However, 
many needs cannot be met by individuals no matter how rich they 
are. Most people do not have enough money to change the charac- 
teristics of their neighborhood, improve public transportation ser- 
vices, or alter the roadway network to match any driving constraints 
that they have. Most people cannot supply good pedestrian facilities 
or adequate public transportation services in the suburban neighbor- 
hoods where roughly half of all older people are aging in place. Most 
people cannot themselves improve the highway networks on which 
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many older people drive but which are not responsive to their driv- 
ing skills and constraints. 


OFFSETTING INEQUITY WITH SERVICES 
RESPONDING TO THE NEEDS OF OLDER 
AND RETIRED PEOPLE 


To provide transportation services equitably as well as to offset 
any inequities in paying various taxes, fees, and charges, U.S. pol- 
icy must recognize that older and retired travelers have different 
needs and make different demands on the surface transportation 
system. A large and growing literature details these differences 
and needs in all aspects of the travel chain and for all surface trans- 
portation modes. Many of the transportation needs of older and 
retired people certainly overlap those of other travelers, but many 
do not, and the needs of older people can conflict with those of 
other travelers. 

Overall, the literature suggests that older people need substantial 
improvements in five modal or substantive areas: 


¢ Public transportation options. A wide variety of improvements 
that would improve the public transportation options for older rid- 
ers have long been suggested (41-47). Most studies stress improv- 
ing conventional service, increasing safety and security in all parts 
of the system, providing better information both before and during 
travel, expanding the hours of service on existing routes, providing 
additional routes, making service more reliable, enhancing driver 
training, and operating more low-floor buses. 

e Paratransit services. Some older and retired travelers require 
door-to-door services perhaps only occasionally and then require 
them more frequently as they age (41-47). Instead of allowing 
public transportation systems to continually restrict American with 
Disabilities Act (ADA)-complementary paratransit services and 
narrowly (if legally) limit eligibility, as they are doing now (48, 
49), federal programs must provide substantially more resources to 
expand them significantly. 

¢ Community-based transportation options. Most older people 
are not eligible for ADA paratransit services even if they cannot or 
do not want to drive (49). Even as it is mandated that community 
operators coordinate with each other and be more efficient if they 
receive federal funds, they must be funded to improve and expand 
services substantially. In addition, volunteer driver programs of all 
types must be substantially assisted to buy and maintain vehicles, 
train drivers, and improve dispatching (50-55). 

¢ Pedestrian access and facility improvements. Many older 
people are aging in place in neighborhoods without sidewalks and 
appropriate signalization or in places where sidewalks are in poor 
repair; blocked by illegally parked cars; or made unsafe by snow, 
ice, or wet leaves (56-58). Communities must be assisted with 
addressing these problems; a Safe Routes for Older People pro- 
gram could make walking safe and attractive for seniors in their 
own neighborhoods. 

¢ Highway modifications and improvements. FHWA has found 
that older drivers need a large range of highway and roadway modi- 
fications that would make driving safer and easier for them; commu- 
nities should be assisted with implementing many of these changes 
(56-58). 

e Urban design and land use policies and regulations related to 
travel and transportation. The planning literature is replete with sug- 
gestions on how neighborhoods can be enhanced in ways that make 
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them more conducive for walking, cycling, or public transit use for 
older and younger residents (49). 


There are a huge number of things that communities need to begin 
to do today to ensure that transportation funds, even if they are 
raised equitably, are also spent fairly to meet the needs of older and 
retired people. 


SUMMARY AND CONCLUSIONS 


This paper identified current and potential transportation system 
financing mechanisms and considered their equity implications on the 
basis of both traditional and alternative concepts of equity. The analy- 
sis shows that many financing mechanisms fail traditional definitions 
of equity, particularly the user-pays and the ability-to-pay equity stan- 
dards, although questions of geographic equity are harder to resolve. 
Thus, most financing mechanisms inequitably affect older people who 
are poor, who do not drive, who lack alternatives to driving, or who 
live in low-density areas. However, taxes and fees that do not reflect 
use of the system or that fluctuate widely are particularly burdensome 
for all older and retired people because they travel substantially less 
than other system users and more often live on fixed incomes that 
make it difficult to deal with rapidly fluctuating fuel prices. 

Equity outcomes may be even worse for older and retired travel- 
ers when current and potential financing mechanisms are analyzed 
against other concepts of equity, including intergenerational, com- 
pensatory, and needs-based equity. These evaluations suggest that 
older and retired people are negatively affected by the ways in which 
transportation services are planned, structured, operated, and pro- 
vided because their special needs and travel patterns are not taken 
into account. To offset inequities in both the financing and, in par- 
ticular, the delivery of transportation services, it is crucial that all 
levels of government structure and deliver transportation services 
that do respond to the specific needs of older and retired people. 
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Travel Behavior Patterns of Different 
Socially Disadvantaged Groups 


Analysis of Household Travel Survey Data 
for a Dispersed Metropolitan Area 


Jago Dodson, Matthew Burke, Rick Evans, Brendan Gleeson, and Neil Sipe 


This paper contributes to the understanding of transport disadvantage 
and the transport dimensions of environmental justice by investigating 
the travel behavior patterns of socially disadvantaged groups by using 
household travel survey data. The study described in this paper goes 
beyond determining the basic descriptive statistics that are commonly 
reported in this area of research and instead uses cluster analysis to 
identify socially disadvantaged households. The study then uses the six 
clusters generated by the analysis to identify the differences in the travel 
behaviors between these groups. The paper shows considerable differ- 
ences in travel behavior between socially disadvantaged households that 
must be recognized if scholars and policy makers are to describe and 
respond adequately to the experience of transport disadvantage for these 
groups. The paper concludes with some comparative observations about 
the travel behavior of the disadvantaged population in dispersed rapidly 
growing regions and the wider implications for ensuring environmental 
justice in transport. 


Mobility is a basic socioeconomic resource in contemporary urban 
life. The capacity to undertake most urban activities, especially 
employment, education, service use, and leisure activities, depends 
on mobility through urban space, yet mobility is unevenly socially 
and geographically distributed within cities. It is recognized that 
households that experience impaired mobility face the risk of greater 
disadvantage in relation to employment, education, and training 
opportunities than households with high levels of mobility (/—7). 
Socioeconomic vulnerability and disadvantage are likely to be par- 
ticularly acute in dispersed cities with high levels of automobile 
dependence (8), underdeveloped public transport systems, and poor 
provisions for walking and cycling (9). 

Understanding of the links between travel behavior, transport 
disadvantage, and household socioeconomic status in dispersed cities 
remains underdeveloped. Most studies confine the scope of their 
data to aggregate secondary statistics, such as census data, to impute 
household transport disadvantage (JO, 7). In most jurisdictions, the 
census records little more than the journey to work and the level of car 
ownership, and it is difficult to use these data to ascertain how travel 
behavior differs between socioeconomically disadvantaged groups, 


Griffith School of Environment, Griffith University, Nathan Campus, Nathan, 
Queensland 4111, Australia. Corresponding author: N. Sipe, n.sipe@griffith.edu.au. 


Transportation Research Record: Journal of the Transportation Research Board, 
No. 2163, Transportation Research Board of the National Academies, Washington, 
D.C., 2010, pp. 24-31. 
DO!: 10.3141/2163-03 


24 


especially for those with low rates of employment participation, such 
as young and elderly people. 

In contrast, the use of household travel surveys (HTSs) to investi- 
gate transport disadvantage is less common because they have higher 
costs than those required to access census data. Jurisdictions collect 
and analyze data from such surveys to inform transport and traffic 
management and planning, and these data offer a rich source of data 
for analysis of transport disadvantage. Although the spatial sampling 
of HTSs is less comprehensive than a complete population census, 
HTSs have the advantage of collecting a broader and deeper set of 
variables about household travel and trip making, such as trip numbers, 
modes, distances, and purpose. 

The study described in this paper seeks to advance understanding 
of household social status, travel behavior, and transport disadvantage 
using cluster analysis applied to an HTS for Gold Coast City (GCC), 
Queensland, Australia. The technique for investigating transport 
disadvantage used in this paper is adapted from a method used by 
Ryley in a study of nonmotorized travel in the United Kingdom (/2). 


TRANSPORT DISADVANTAGE 
AND HOUSEHOLD SOCIAL STATUS 


Over the past decade, critiques examining the role of infrastructure 
in shaping urban social conditions have emerged (/3). This literature 
has addressed a wide range of urban infrastructure types and has 
given attention to the ways that the transport infrastructure, modes, 
and services can convey social advantage on some households while 
contributing to the disadvantage of others. In conjunction with this 
concern, a new interest in mobility has also emerged, especially in 
the United Kingdom, where there has been high-level government 
interest in the question of transport social status (74). Although the 
mobilities literature is still developing, a clear theme that has emerged 
is the significance of mobility as a marker of wider social status (3). 
Wealthier households typically have greater access to a wider range 
and higher quality of mobility than poorer households, which in turn 
enables the wealthier group to access a larger set of social, economic, 
and cultural opportunities (75). Households with impeded mobility 
or insufficient access to socioeconomic resources may be considered 
to suffer transport-related social exclusion (16-18). 

The problem of transport-related social exclusion has formed the 
basis for a great deal of transport policy development in the United 
Kingdom in the past decade (/9, 20). More recently, the problem 
of transport-mediated social exclusion has been investigated in 
Australia through notions of forced car ownership (2/). However, 
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the applicability of social exclusion as a measure of household 
social status is not universally accepted, with limited policy inter- 
est in Australia and almost none in North America. Locational or 
transport disadvantage is more commonly used in Australia to refer 
to sociospatial exclusionary processes that are linked to transport 
(22, 23). Hine and Mitchell (/5) refer to transport exclusion, whereas 
Currie et al. (4) refer to transport disadvantage. More recent work 
by Currie et al. considers both transport disadvantage and social 
exclusion (2/). 

This paper recognizes the value of social exclusion as a concept 
in transport analysis but prefers the term “transport disadvantage” 
for its relative rather than absolute connotations. The authors of this 
paper note that some mobility scholarship has cautioned against 
the universal or automatic ascription of disadvantage to households 
with impaired mobility, given local or individual adaptability to 
contextual circumstances (3). The overall literature in this transport 
field, however, supports the view that sociospatial and service limits 
to household mobility restrict wider relative social and economic 
opportunities. 

In parallel with the conceptual literature on social exclusion and 
transport disadvantage, the past few years have also recorded some 
growth in inquiries into problems arising from poor transport access 
on the part of socially disadvantaged households (2, 15, 24), par- 
ticularly in advanced Anglophone nations. This awareness has also 
been extended to further understanding of the dynamic relationships 
between urban location, household social status, and broader social 
and economic patterns (17). Much of this research has revolved around 
two basic problems. First, there has been a growth in research that 
seeks to understand the multiple social dimensions along which 
transport disadvantage can be observed and measured (J, 4, 27). As 
recognition of the problem of transport disadvantage has grown, there 
has been greater discrimination by researchers in the identification 
of social subgroups that are viewed as either at risk of or actually 
suffering disadvantage because of personal or locational deficits. 

A second, less developed trajectory of research measures spatial 
accessibility to a range of opportunities, such as employment and 
education, via public transit networks for socially disadvantaged 
households. This area of inquiry has often deployed geographic 
information systems (GISs) to calculate spatial proximities and 
relationships. This can include assessing the distance between a 
given residential location and public transport services of a particu- 
lar quality (25). Dodson et al., for example, used time-tabled public 
transport services to measure accessibility as a function of the travel 
time to key employment and other service destinations for particular 
socioeconomic subgroups (J/). 

A limitation of much transport disadvantage research has been the 
secondary basis for estimating household disadvantage. Typically, 
transport disadvantage is imputed from broad descriptive statistics. 
For example, Hensher’s estimation of disadvantage for elderly indi- 
viduals is based on a single social variable, possession of a driver’s 
license (26). Currie and Senbergs use the number of households that 
had low incomes but high levels of car ownership as a measure of 
forced car dependence (24). Aggregate statistical data, such as 
data from censuses, have advantages: censuses have a sample rate 
approximating 100%, a high spatial resolution based on small area 
units, and a ready means of correlation with other social variables; 
but they are weak at revealing the nuances of actual travel behavior. 
The Australian census measures only the journey-to-work mode and 
the level of car ownership. Census-derived imputations of travel 
behavior offer coarse general indicators of the potential of transport 
disadvantage but are poor at revealing the character of the actual 
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travel behavior of transport-disadvantaged households and how this 
behavior differs between subgroups of households or from that of 
the wider population. 

Data that reveal the actual pattern of travel behavior for overall 
populations and subgroups are available for many cities through 
HTSs. However, the use of a comprehensive unit record such as 
the HTS to investigate transport disadvantage is rarely found in the 
literature (27). Although HTSs are often used to resolve general 
transport questions, their deployment in response to problems of 
transport disadvantage and household social status in cities is less 
common. 

A major advantage of using dedicated HTS data to evaluate 
transport disadvantage is that individual unit records can often be 
geocoded to the respondent’s residential street address. Although 
privacy considerations would normally prevent the reporting of results 
at the street address level, this geographic datum enables detailed 
household travel data to be linked back to broader but more com- 
prehensive sociospatial data sets, such as the census. It also provides 
the ability to spatially analyze the data (28). Adjemian and Williams 
have demonstrated this possibility with their simulation of vehicle 
ownership in California (29). The detailed travel behavior recorded 
by sample HTS data can thus be augmented through correlation with 
comprehensive census data. The use of statistical cluster analysis is 
powerful because it helps to inductively construct meaningful sub- 
categories of individuals and households out of a larger population set. 
Cluster analysis has been widely used in social science (30), but it 
has been used only irregularly in transport and travel research and has 
mostly been used for market segmentation (/2, 3/—33) and rarely 
for the analysis of transport disadvantage. 

The remainder of this paper reports on an investigation of the 
travel behavior of socially disadvantaged groups within GCC in which 
cluster analysis was used to identify disadvantaged households in 
terms of relative social status and differentiate their revealed travel 
behavior. 


CASE STUDY AND METHOD: GOLD COAST CITY 


GCC is Australia’s sixth-largest and second-fastest-growing metro- 
politan area. The GCC population was 518,178 in 2006 (34). Most 
of GCC was developed in the past 60 years and has the automobile- 
dependent travel patterns found in the suburbs of Australia’s larger 
cities after World War II. It shares similarities with many North 
American cities. The city’s economy is dependent on the construction 
and tourism service sectors (35). Travel in GCC is highly car depen- 
dent, with only 5.6% of work travel being undertaken by modes 
other than private vehicles in 2006 (35). 


Household Travel Survey 


Household travel data for GCC were obtained from the Queensland 
Department of Transport 2003-2004 South East Queensland Travel 
Survey—Coastal Survey (SEQTS-CS). The examination of travel 
patterns by disadvantaged groups was done in two stages. First, 
disadvantaged groups were identified by use of a cluster analysis 
technique similar to that used by Ryley (12). Second, the travel 
behaviors of clusters of disadvantaged households were compared 
with the average for metropolitan GCC. 

SEQTS-CS used a multistage, variable-proportion, clustered sam- 
pling of households for Census Collection Districts. The SEQTS-CS 


26 


achieved a response rate of 55% and obtained data on the travel 
behaviors of 3,763 respondents living in 1,473 households. The survey 
is based on travel diaries completed by respondents aged 5 years 
and over; the travel diaries were reconstructed for children aged 
0 to 4 years. The respondents completed single weekday travel 
diaries during the period from October to December 2004. In total, 
13,024 trip stages were recorded for the survey population. The exact 
route traveled by the respondents was not captured; however, trip 
distances were calculated by using shortest-path algorithms on GISs 
and the available street and path network. In the SEQTS-CS, motor 
vehicles were defined in the survey as a car, four-wheel-drive or 
special utility vehicle, van, or truck (36). 

A number of methodological qualifications apply to all HTS 
research and to diary-based travel surveys. These include issues 
with respondent recall and self-reporting, the accuracy of proxy 
reporting, and the rate of reporting of short trips (37). To account 
for nonreporting, weightings for both nonresponse and selection 
bias (derived from household characteristics and Australian Bureau 
of Statistics 2001 census data for the areas surveyed) were included 
in the SEQTS-CS data set. These weightings were applied to estimate 
the active travel parameters for a city population of 376,792 people 
(36). These methodological matters are not considered to affect 
adversely the validity of the SEQTS-CS or the analysis presented in 
this paper. 


Cluster Analysis 


Cluster analysis, described by Ryley (/2) and Hair et al. (38), is an 
inductive nondiscriminant multivariate technique used to group cases 
on the basis of their characteristics. Cluster analysis enables the clas- 
sification of sample subgroups without predetermination of their 
defining attributes. 

Ryley uses cluster analysis to identify population segments that are 
largely based on life stages determined through six data set variables 
(12). This study adapts Ryley’s method to identify socioeconomically 
disadvantaged groups in GCC and to reveal their travel behavior (J2). 
The analysis used nine variables from the SEQTS-CS that influence 
whether a person is socioeconomically disadvantaged (39). Among 
these are 


e Age (categorical variable with people grouped into 5-year age 
brackets); 

e Gender; 

© Main activity (15 categories identifying a person’s main activity, 
e.g., education, work, retired, unemployed, and keeping house); 

e Household size; 

e Household type (e.g., detached dwelling and apartment); 

e Household structure (e.g., living alone, single parent, couples, 
couples with kids, and group households); 

© Household income (variable derived from personal income and 
categorized into 15 income brackets); and 

© Capacity to drive (variable derived from several other data set 
variables that identify a person’s ability to use a private motor vehicle 
by themselves). 


Like Ryley (/2), the authors conducted four hierarchical cluster 
analysis runs to provide a comprehensive analysis of the data set and 
maximize the discrete identification of disadvantaged groups. The 
four hierarchical cluster techniques used in the analysis are between- 
group clustering, within-group clustering, centroid clustering, and 
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the Ward method of clustering (72). Cluster analysis does not always 
produce strictly defined clusters sharing identical attributes. The 
term “cluster” indicates that group members share multiple similar 
characteristics but that there may be heterogeneity within each group. 
This level of heterogeneity is less than the difference between the 
cluster in question and the overall sample, however. 


Socioeconomic Cluster Groups 


The four cluster techniques revealed nine potentially disadvantaged 
groups. Some of the clustering techniques produced quite similar sub- 
groupings, so further analysis of each group was conducted to reduce 
the final number to six. Each of these six groups is described below: 


Group 1. Low-income sole parents. This group comprised 76 
survey respondents to give a weighted total number of people for 
GCC of 8,457 and consisted of 

— Single-parent households, 

— Employed individuals, 

— Individuals with children, 

— Low- to middle-income individuals, and 
— Individuals who rent or have a mortgage; 

Group 2. Working poor. This group comprised 130 survey 
respondents to give a weighted total number of people for GCC of 
14,827 and consisted of 

— Employed individuals, 

— Individuals living with a partner, 

— Individuals with no children, 

— Low- to middle-income individuals, and 
— Individuals who rent or have a mortgage; 

Group 3. Students in secondary or tertiary education. This group 
comprised 82 survey respondents to give a weighted total number 
of people for GCC of 9,164 and consisted of 

— Secondary or tertiary school students, 

— Individuals aged 15 to 19 years, 

— Low- to middle-income individuals, and 
— Individuals without a driver’s license; 

Group 4. Licensed single retired female. This group comprised 
71 survey respondents to give a weighted total number of people for 
GCC of 7,900 and consisted of 

— Single retired individuals, 

— Females, 

— Individuals living alone, 

— Low-income individuals, and 

— Individuals with a driver’s license; 

Group 5. Unlicensed single retired female. This group comprised 
42 survey respondents to give a weighted total number of people for 
GCC of 6,534 and consisted of 

— Single retired individuals, 

— Females, 

— Individuals living alone, 

— Low-income individuals, and 

— Individuals without a driver’s license; and 

Group 6. Unlicensed partnered retired elderly. This group com- 
prised 36 survey respondents to give a weighted total number of 
people for GCC of 4,075 and consisted of 

— Individuals living with a partner, 

— Individuals with no children, 

— Low- to middle-income individuals, and 
— Individuals without a driver’s license. 
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All groups shared the attribute of low or low to middle income, with 
some groups being reliant on alternate modes of transport or other 
household members for transport. Some groups have multiple finan- 
cial pressures, including a mortgage or rent or children to support. 
The socioeconomic groups identified through the cluster analysis 
converge reasonably well with those identified in the transport dis- 
advantage literature (39): elderly individuals; sole parents, especially 
women; working poor; and youth. 


Travel Behavior of Disadvantaged 
Groups Identified 


To assess the travel behavior of the six disadvantaged groups 
identified in the cluster analysis, the average number of trips per day 
(trip rate), mode share, the number of kilometers traveled per capita 
by mode, and trip purpose were calculated and compared with the 
data for the overall GCC population. This comparison of travel 
behavior patterns allows testing of the widespread assumption that 
socioeconomically disadvantaged groups experience greater levels 
of transport disadvantage than the overall population. This compo- 
nent of the analysis applies weightings to the SEQTS-CS, which are 
supplied as part of the survey, to expand the survey results and 
provide a comparable analysis for GCC. 


Trip Rate 
The average number of trips per day was calculated by using a 
weighted total number of trips and people from SEQTS-CS. The 
overall SEQTS-CS recorded 1,292,091 trips from 376,792 people 
across GCC. This equates to just over 3.4 trips per day, or about 
24 trips in a week (equivalent to 12 home-to-destination-to-home 
circuit trips). Figure 1 provides a comparison of the average daily 
trip rate for each of the six disadvantaged groups and the GCC 
average. 
Group 1 
Group 2 
Group 3 
Group 4 
Group 5 


Group 6 


Gold Coast | 


FIGURE 1 Average daily trip rate. 
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The low-income single parents group had an average daily trip 
rate higher than that for GCC, which is most likely due to the daily 
chauffeuring tasks associated with schoolchildren. The working poor 
group had an average trip rate of just over four trips per day, which 
is higher than the GCC average and which is also the highest of the 
six groups. This may be due to a greater number of trips associated 
with work responsibilities or the effect of part-time employment, 
which is common among low-income households and which could 
generate extra trips. Students in secondary or tertiary education had 
almost one trip per day less than the GCC average, having just over 
2.5 trips per day. This could be due to the relatively fixed weekday 
schedule of a student traveling to and from school only, leaving 
weekends as the only time used for more recreational trips. Licensed 
single retired females showed a trip rate comparable to the GCC 
average, which could be due to the ability to drive and the absence 
of any dependents. In comparison, unlicensed single retired females 
displayed the lowest average daily trip rate, with less than 1.4 trips 
per day. This implies that decreased mobility, such as the inability to 
drive, combined with a low income, results in fewer trips beyond 
the home and could potentially contribute to an isolated lifestyle. 
The unlicensed partnered retired elderly respondents averaged 
one trip more per day than the unlicensed single retired females; 
however, this extra trip, on average, may be the result of assistance 
from their partner and shared trips as a couple. The average daily trip 
rate for this group is still below the GCC average, suggesting that 
mobility is relatively restricted and that this group may depend ona 
partner or others for travel assistance. These results are consistent 
with those of Schmocker at al. (40), Pdez et al. (6, 4), and Roorda 
et al. (7), who examined the mobility of seniors and the challenges 
that they face. 


Travel Mode 


The modal share for GCC and the six cluster groups was calculated 
by using the weighted total number of trips by mode, expressed 
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Group 1 


Group 2 


Group 4 


Group 5 


Group 6 


Gold Coast 
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@ Private Motor Vehicle @ Non Motorized & Public Transport 0 Other Modes 


FIGURE 2 Modal share. 


as a percentage of overall trips, with trips involving more than one 
mode being assigned to the mode with the highest priority, accord- 
ing to SEQTS-CS. The SEQTS-CS revealed that 85.8% of all 
trips within GCC are made by private motor vehicle, 9.5% by non- 
motorized methods, 4.3% by public transport, and 0.4% by other 
modes. Figure 2 provides a comparison of the modal shares for 
each group and GCC. 

Considerable differences in travel behavior were found among the 
groups. Of all disadvantaged groups, low-income single parents had 
the highest private motor vehicle mode share (95%), which was almost 
10% greater than that for GCC. The working poor also had a very 
high private motor vehicle mode share (93.5%), although that group 
had a slightly higher nonmotorized mode share than low-income 
single parents. Students in secondary and tertiary education had a 
significantly lower private motor vehicle mode share (58%), with 
just over a quarter of trips being made by public transport (25.6%) 
and the remainder being made by nonmotorized methods (16.4%). 
Licensed single retired females made a majority of trips by private 
motor vehicle (70.5%), which is about 15% lower than that of GCC. 
Nonmotorized travel was involved in a quarter of the trips (24.7%), 
with the public transport modal share (4.8%) being almost the same 
as that for GCC. Unlicensed single retired females had the lowest 
private motor vehicle dependency of all six groups, undertaking 18.8% 
of trips as a passenger and relying heavily on public transport (41.4%) 
and walking (36.7%). Unlicensed partnered retired elderly individ- 
uals exhibited a private motor vehicle mode share (56.81%) similar 
to that of students in secondary and tertiary education but revealed 
similar mode share percentages between nonmotorized (15.3%), 
public transport (16.1%), and other modes (11.8%). Although the 
“other mode” category is not specifically defined in the SEQTS-CS, 
the authors believe that the comparatively high “other mode” mode 
share displayed by unlicensed single retired females and unlicensed 
partnered retired elderly individuals can be attributed to the use of 
personal mobility aids such as electric scooters, which are being 
taken up in the study area. 


Number of Kilometers Traveled 
per Capita by Mode 


The average number of kilometers traveled per capita for GCC and 
each of the six cluster groups was calculated by using the weighted 
total number of trips by mode, expressed as the average distance 
traveled on a daily basis by each mode, according to SEQTS-CS. 
SEQTS-CS revealed that the majority of vehicle kilometers traveled 
(VKT) within GCC is made by private motor vehicle (15.2 km, or 
89.2% of the total). Public transport accounts for 3.3 VKT (8%), 
1.3 VKT is made by other modes (1.1%), and only 0.4 km of travel 
is made by nonmotorized methods (1.7%). Figure 3 provides a 
comparison of the VKT per capita by mode for each group and GCC. 

The six groups exhibited a diverse range of daily VKT patterns. 
Working poor stands out as having a very high daily VKT, with 
almost 50 VKT per day, most of which is taken by private motor 
vehicle (97.9%) and a small proportion of which is taken by other 
mode (1.5%). This level of VKT is more than 50% greater than that for 
the GCC average of 32.6 daily VKT. The group with the second high- 
est daily VKT is low-income sole parents, who traveled 27.6 km/day. 
As with the working poor group, this group undertook most of its 
travel by private motor vehicle (94.7%), but a slim proportion of 
travel was made by public transport (4.8%). 

Students in secondary and tertiary education exhibited the second- 
lowest daily VKT but had the greatest total and proportion of VKT 
by public transport. This group also displayed the highest level of 
nonmotorized VKT at 1.2 km/day, perhaps reflecting their relatively 
impoverished status and youthful capacity for physical activity. 
Licensed single retired elderly females and unlicensed partnered 
retired elderly individuals had comparable daily VKTs. Both groups 
traveled fewer kilometers each day than the GCC average. The VKTs 
of public transport use by these two groups were generally comparable 
at 4.8 and 3.3 km, respectively. In contrast, licensed single retired 
elderly females were much more physically active and traveled 1.1 km 
by nonmotorized mode each day, whereas unlicensed partnered retired 
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FIGURE 3 VKT per capita by mode. 


elderly individuals ventured relatively much farther on other modes, 
most likely electric mobility scooters. 

Unlicensed single retired elderly females had highly restricted 
daily travel distances and the lowest total VKT per day. This group 
also had low levels of private motor vehicle travel, with VKT being 
just 1.1. Unlicensed single retired elderly females were also propor- 
tionally the most public transport dependent of all the groups, with 
61.2% of their daily travel being undertaken by this mode. The 
results for elderly individuals are consistent with those reported by 
Schmocker et al. (40) and Mercado and Péez (42). 

The diverse daily number of kilometers traveled patterns exhibited 
by these six groups, in contrast to those exhibited by GCC, illustrates 
the importance of considering revealed travel behavior in assessments 
of socioeconomic status and transport disadvantage. For unlicensed 
single retired elderly females, the inability to use a private motor 
vehicle and dependence on public transport would seem to be the key 
basis for any transport disadvantage, whereas those in the working 
poor group appeared to suffer from high levels of long-distance 
automobile-based commuting and to have limited public transport 
alternatives. These observations suggest the prima facie need for 
different strategies to be crafted to address the transport needs of 
these socioeconomically disadvantaged groups. 


Trip Purpose 


The final cluster analysis concerns trip purpose. As with the patterns 
of the daily number of kilometers traveled, the trip purpose patterns are 
highly diverse, and there are some extreme differences. Low-income 
sole parents displayed the most even spread of trip purposes among 
the various groups, undertaking trips for all trip purposes. Work 
travel was the most common type of trip (35.1%), followed by child 
care and school travel (27.7%), reflecting the group’s parental respon- 
sibilities. Visiting others and trips to retail establishments also 
figured moderately in this group’s travel, with minor proportions of 


recreational, health, and personal trips also occurring. A large pro- 
portion of the trips undertaken by the working poor were for work 
purposes (46.7%), with trips to retail establishments (28.4%) being 
the second most significant trip type. Visits to others and personal trips 
(such as to post offices and banks) accounted for small amounts of 
travel, with other types forming only a minor proportion of this group’s 
activities. 

Travel by students in secondary and tertiary education was 
dominated by travel for secondary education (50.2%) and almost 
insignificant proportions of travel for tertiary education. This low 
fraction of travel for tertiary education would seem to reflect problems 
with the survey sampling rather than the real trip rates. This group 
undertook a notable proportion of trips to retail establishments and 
for recreational opportunities and had an approximately even mix of 
work journeys and visits to others. 

The three elderly groups (licensed single retired females, unlicensed 
single retired females, and unlicensed partnered retired elderly 
individuals) had similar distributions of trip purposes, albeit with 
some important differences. Of the three elder groups, unlicensed 
single retired females had the highest proportion of retail trips (53.1%) 
and the lowest proportion of visits to others. If these data are viewed 
in conjunction with their very low trip rates, the people in this group 
would appear to live very restricted lives, although they did dis- 
play the highest proportion of social trips (10.5%) among the three 
groups of elder people. Licensed single retired females undertook 
the greatest proportion of health-related travel among the elder 
groups (12.7%) and also had the highest level of recreational activity. 
The licensed single retired female group was also the only one among 
the group of elder people to reveal a proportion, albeit minor, of 
work travel. By comparison, unlicensed partnered retired elderly 
individuals had the highest rate of travel to restaurants or cafés 
(9.8%) and, uniquely among the three clusters of elder people, also 
had an observable proportion of travel for tertiary education (2.6%). 
Surprisingly, the unlicensed partnered retired elderly individuals 
recorded no travel for personal reasons, which seems unusual, given 
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TABLE 1 


Group 


1. Low-income sole parents 

2. Working poor 

3. Students 

4. Licensed single retired females 
5. Unlicensed single retired females 
6. Unlicensed retired couples 


the modest levels of such trips by licensed and unlicensed single 
retired females. 

A summary of the key travel behavior characteristics for the six 
transport-disadvantaged groups is provided in Table 1. The varia- 
tion between these six disadvantaged groups is quite apparent. For 
example, the impact on travel behavior of not having a driver’s license 
ranks Groups 5 and 6 at the bottom of all three indicators. However, 
female retirees with licenses do drive, ranking this group third across 
all three indicators. Single parents (Group 1) and the working poor 
(Group 2) rank in the top two in all three indicators; however, there is 
a marked difference in the amount of travel between the two groups. 


CONCLUSIONS 


Mobility remains a key socioeconomic resource within contemporary 
cities, and access to means of mobility can exercise considerable 
influence over wider household social outcomes and have implications 
for the achievement of environmental and social justice in cities. 
Despite this critical importance of mobility and transport for house- 
hold social opportunity, relatively little research has gone beyond 
the use of basic descriptive secondary statistics to obtain an under- 
standing of how the travel behaviors of different socioeconomically 
disadvantaged groups vary across a range of variables. There is 
relatively little literature that draws on empirically rich HTSs to 
reveal the travel behavior of socially disadvantaged individuals. 

This paper has sought to comprehend the differences in travel 
behavior between socially disadvantaged groups within the context 
of a dispersed rapidly growing urban region. The paper has made 
four contributions to the literature. First, it has demonstrated how 
HTS data can be deployed to measure revealed rather than imputed 
or indicative travel behavior for socioeconomically disadvantaged 
groups. This approach to using HTS data has enabled the paper to go 
beyond the provision of coarse descriptive statistics that are often the 
main data sources for such analyses to offer a fine-grained analysis of 
travel patterns within the six groups identified via the cluster analysis. 

Second, the use of cluster analysis to identify transport- 
disadvantaged subgroups in an inductive manner rather than through 
a priori definitions is a productive contribution to the understanding of 
transport disadvantage and to the provision of broader understandings 
of environmental justice. Research into transport disadvantage often 
assumes the social categories that are the subjects of inquiry. This 
study has allowed the cluster analysis to reveal these categories. 
Although at a coarse level the six categories partly reflect those typ- 
ically identified in the literature (39), they also reveal the important 
variations between groups, as shown in Table 1. 

Third, the paper reveals the contrasting travel behavior patterns 
exhibited by different categories of socially disadvantaged house- 
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Travel Characteristics of Six Transport-Disadvantaged Groups 


Trip Rate/Day Car Use % 

(rank) (rank) VKT (rank) 
3.8 (2) 95.0 (1) 27.6 (2) 
4.0 (1) 93.5 (2) 49.4 (1) 
2.6 (4) 58.0 (4) 23.6 (4) 
3:31) 70.5 (3) 25.3 (3) 
1.4 (6) 18.8 (6) 7.6 (6) 
2.4 (5) 56.8 (5) 20.1 (5) 


holds, which suggests the need for different policy responses to their 
respective mobility issues and socioeconomic stressors. Recognition 
of the markedly different travel patterns of the six groups demonstrates 
that policies seeking to address transport disadvantage must be attuned 
to these diverse groups. Uniform policies or services may not ade- 
quately support the travel aspirations of the households in question. 
For example, policy responses to the excessive commuting of the 
working poor would be quite different from those seeking to address 
the constrained mobility of the unlicensed single retired female 
cluster. This finding, however, raises considerable questions about 
the relative merits of delivering specially crafted transport solutions 
to various subgroups versus the advantages of providing a spatially 
comprehensive network of services, as Mees has argued (43). 

Finally, the dispersed urban structure of GCC offers an attractive 
comparator with low-density urban regions found in other nations, 
particularly those in North America. Some findings may be of par- 
ticular relevance to the U.S. context, especially in rapidly growing 
regions in the Sun Belt with large numbers of working poor in the 
service sector and large numbers of retirees. Questions of transit 
service levels appear to be relevant to the former households, whereas 
broader planning issues concerning alternative mobility methods— 
electric scooters, in particular—have relevance to policies addressing 
the needs of the latter group. 
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Americans’ Time Use 


A Focus on Women and Child Rearing— 


Structural Equations Modeling 


Charlotte Whitehead-Frei and Kara M. Kockelman 


This paper describes a model of Americans’ time use in which time spent 
with children in home and out of home influences activity and travel time 
allocation. Although the activities and travel of children are studied more 
in depth now than in the past, to date few studies have examined the time 
spent with children as a dependent variable within a time use model. 
Most existing models of activity and travel participation allocate time- 
to-work activities, followed by obligatory maintenance activities and 
nonobligatory discretionary activities. The model described in this paper 
expands the data into eight activity categories to determine whether these 
activities are more or less necessary than past research assumed. The 
results suggest that the total amount of time spent inside the home with 
children has a statistically significant and negative impact on work, 
leisure, and personal activities inside the home, but work duration and 
work travel have no significant or practical impact on time spent with 
children, everything else being constant. There is also some indication 
that more time spent in in-home activities is associated with greater 
travel time expenditures. Overall, the 2007 American Time Use Survey 
contains a variety of details that help illuminate the answers to many 
such questions. 


Current research suggests that men and women in the same household 
have very different activity schedules and travel behaviors (J, 2). 
Research in the 1990s credited these intrahousehold differences to the 
relative importance placed on wives’ careers compared with the 
importance placed on the careers of their husbands (J, 3). These stud- 
ies suggested that implied commute times for both workers influenced 
a household’s choice of workplace locations and home location. More 
recent work suggests that women spend more time conducting in- 
home maintenance activities than their male counterparts (2). The 
question of how parents spend their time and how children factor into 
time allocation decisions thus arises. 

The work described here seeks to determine what individual and 
household characteristics affect activity and travel decisions, includ- 
ing the overall time spent with children. Structural equations models 
(SEMs) are used to explain the relationships between individual and 
household characteristics and the activity and travel schedule. Travel 
durations are modeled jointly with activity durations to determine 
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how trip making is allocated and how such time use affects the time 
spent with one’s children. To date, few models include time spent with 
children as a specific activity category, yet one could reasonably argue 
that this is a significant activity that will affect other activities quite sig- 
nificantly. With the current move in travel demand forecasting toward 
more sophisticated activity-based models, the better prediction of time 
use will improve the understanding of activity allocation and related 
travel patterns. 


LITERATURE REVIEW 


Significant research to date has used SEMs for activity and travel time 
allocations, and the most relevant ones are discussed here. Freedman 
and Kern used a discrete choice model to determine the implications 
of two-worker household status on location choices and concluded that 
the commute burdens of wives influence home and workplace location 
decisions (J). Ina similar study of time use via detailed in-person inter- 
views with 30 dual-career households in the United Kingdom, Green 
found that residential site selection depended more on the job location 
of the working male, even in households that had recently moved (3). 
By the use of SEMS of 1980 census data, the interview results sug- 
gested that male worker commute times in the United Kingdom in 
1995 were declining compared with the 1980 commute times, whereas 
those of female workers were increasing in dual-career households. 
Men’s commute times were still longer, with roughly two-thirds of 
males commuting more than 30 min to work and about half of the 
women commuting more than 30 min to work. The latter result is likely 
due to the professionalization of the female workforce as women seek 
higher degrees and gain in salary levels (4); essentially, they are prob- 
ably becoming harder to place (thanks to deeper but narrower train- 
ing and occupational interests), making for longer commutes. Green 
expected the long-run convergence of male and female commute 
patterns in the United Kingdom (3), and recent American Time Use 
Survey (ATUS) data suggest that this happened in the United States as 
of 2007 and possibly earlier. 

Golob used SEMs to forecast activity participation, travel time, and 
trip generation on the basis of household characteristics and accessi- 
bility measures (5). To predict trip counts, he used an asymptotically 
distribution-free weighted least squares approach in LISREL software 
(6). By using the Portland, Oregon, 1994 Activity and Travel Survey, 
the final model divided in-home activities into work and non-work 
activities and divided out-of-home activities into work, maintenance, 
and discretionary activities. Maintenance activities are generally those 
that are necessary but not work or education related, such as gro- 
cery shopping, seeking medical care, and picking up—dropping off 
children. Discretionary activities include participation in hobbies, 
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spectator athletic events, exercise, and socializing. Among the exoge- 
nous control variables, the number of children and income negatively 
influenced work duration. Commuting times rose with income. In- 
home work time was also significantly higher for the highest-income 
group (>$60,000 per year). The non-work activity duration had a 
highly significant effect on the frequency of chained non-work tours. 
Both non-work activity duration and the number of these chained 
trips were estimated to have positive (and statistically significant) 
influences on the travel time to non-work activities. These results 
are intuitive, but the statistical significance of various linkages in the 
SEM suggests which activities and trips may most influence daily 
routines and time expenditure decisions. Golob determined that such 
models allow researchers a look into travel behavior that is not avail- 
able from conventional methods in which trip generation rates are 
estimated in isolation, separate from one another and from time use 
decisions (5). 

Srinivasan and Bhat used seemingly unrelated regression (SUR) 
techniques to examine in-home activity durations and a mixed (logit 
hazard) model for out-of-home maintenance durations by male and 
female heads in nuclear families (2). [Srinivasan and Bhat’s nuclear 
households are male-female couples with at least one employed adult. 
If children were under 15 years of age, they also were included.] 
While the model is not an SEM, the results of the model are useful in 
predicting the potential outcome of the work pursued here. Similar to 
Golob (5), the authors assumed that out-of-home maintenance time is 
allocated first to subsistence or mandatory activities, then to mainte- 
nance, and finally to discretionary activities. Overall, the in-home 
maintenance durations of the wives were the most susceptible to 
change and were based on the household attributes and the activity 
choices of the husbands. Out-of-home work duration and commute 
time negatively affected the in-home maintenance time of the hus- 
band, whereas the numbers and the ages of the children had no effect. 
To accommodate this, the in-home maintenance time of the wives 
increased with the out-of-home work durations of their husbands, the 
number of children under age 5 years, and the availability of a per- 
sonal vehicle. The commute times of the females were not found to 
affect their in-home maintenance times. 

Susilo and Kitamura used SEMs to determine how temporally 
and spatially stable travel was in Osaka, Japan, between 1980 and 
2000 (7). They supplemented household survey results with demo- 
graphic, land use, and network data. Although the average com- 
mute times worldwide have remained relatively stable over time, the 
authors suggest that this may not be the case at the level of individ- 
uals or even groups of similar individuals. In general, their model 
results suggest that employed males spent more time in work activities 
than female workers and that the presence of children reduces 
time allocations to non-work activities. Over time, out-of-home 
non-work activity durations fell in Osaka, whereas the number of 
non-work activities rose, which suggests that the individuals may 
be compensating for the increased travel time by reducing their 
non-work activity durations. 

Lee et al. used simultaneous Tobit models for data from Tucson, 
Arizona, to model time expenditures (8). Endogeneity among subsis- 
tence, maintenance, and discretionary activity durations were calcu- 
lated for each model and were excluded from the independent Tobit 
equations if they were found to be insignificant. Their results suggest 
that the number and working status of household heads are the pri- 
mary determinants of trip chaining and time allocation. Interestingly, 
income and vehicle ownership levels were not found to be strong pre- 
dictors of chaining behavior. More recently, Lee et al. turned to 
Atlanta, Georgia, survey data and land use files for 2001 and 2002 
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(9). As expected, they found that those with children over 6 years old 
spend less time traveling and those with very young children (under 
5 years of age) spend less time in out-of-home subsistence and dis- 
cretionary activities. The ages of the travelers positively affect tour 
durations, possibly because of lower speeds, slower routes, fewer 
time constraints, and so forth. Lee et al. argue that congestion must 
have a great impact on activity allocation and scheduling, because 
time-of-day variables (to indicate peak periods and midday) were 
highly significant in the model, but this simply could be due to stan- 
dard scheduling preferences (e.g., stores not opening until 10 a.m., 
schools letting out between 2 and 3 p.m., and lunchtime taking place 
near the noon hour) (9). 

The independent, single-equation Tobit models, which were used 
in the recent models cited above, are rather simplistic. A move back 
to systems of equations is worthwhile, to examine how the presence 
of children, gender, work status, and other attributes and activities 
play a role in the time expenditure patterns of men and women. More- 
over, few models have emphasized the role of children and their activ- 
ities in time allocation choices. Of course, the desire by parents and 
other adult household members to serve those children’s needs and 
enjoy time with them likely has time expenditure (and scheduling, 
travel, and other) repercussions throughout the day. 

The method presented here builds on prior work and expands 
into the topic areas that past research has suggested are the most 
useful. By using specific activity types rather than the prevailing 
categories of work—non-work activities or subsistence—-maintenance— 
discretionary activities, the approach yields new insights into time 
allocation. With a greater understanding of how individuals prior- 
itize their activities, travel models that make use of activity sched- 
ules may be improved by these additional categories. By focusing 
on single-mother households and mothers in households with two 
or more adults, this work shows what is possible when the data are 
made more homogeneous and new distinctions between groups 
are addressed. The following sections describe the specifications 
and the data used. 


MODELING APPROACH 


To evaluate time expenditure data in ATUS, a series of SEMs was 
evaluated by using the R programming language’s SEM package for 
continuous response (10, //). All 24h of a person’s day are accounted 
for in 18 different activity categories, one of which is travel. 

Because time use decisions are of primary interest here (for activ- 
ities and travel), trip and activity counts are not included in the model. 
This simplifies the model, because integer responses require a special 
latent structure that is tied to a hidden continuous response variable, 
and many counts may show as zero (/2). It also avoids the distractions 
(and the added parameters) that come with interpreting the highly 
simultaneous nature of activity participation choices and activity 
durations. The model structure already contains seven travel cate- 
gories and 17 activity categories. Inclusion of activity and trip counts 
would have created too many parameters to allow estimation of the 
parameters with much accuracy or confidence. 

The final SEM structure selected is depicted in Figure 1. This 
structure effectively assumes that exogenous variables can affect 
total travel time, travel time for work activities, time in work activ- 
ities (both in and out of home), and time with children (both in and 
out of home). These time expenditures then affect time expenditures 
in other travel and other activity types (as discussed in the section 
on the data). 
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FIGURE 1 SEM specification for ATUS data. 


Figure | reflects the idea that time is first allocated to required 
activities, namely, work and time with children, and that the remain- 
ing time is then allocated to other activities (2, 5, 7). The structure 
also assumes that time spent with children is as important as time 
spent at work and will affect how non-work activity and travel times 
are allocated. Individuals are likely to allocate the durations of 
desired activities in an approximate manner and then choose the 
preferred locations for those activities and adjust their travel plans 
to accommodate such schedules, as much as is feasible. Ideally, the 
model could also include arrows from travel time back to activity 
purpose, but this adds complications for interpretation and parameter 
estimation. 

Time spent with children was separated for in-home and out- 
of-home settings for two reasons: one is that the nature of children’s 
activities can differ dramatically under such settings (e.g., eating at 
home versus chasing around a soccer ball at the park) and because the 
model performed best when out-of-home activities were separated. 
Children tend to participate in sports, music lessons, and other hob- 
bies that require parents to transport them; and depending on the activ- 
ity, the parents may then remain at that location for the duration of the 
activity. 

The SEM method was selected for data analysis thanks to its 
ability to handle a large number of exogenous and endogenous vari- 
ables, which allows for multiple interactions, rather than equation- 
by-equation approaches (such as the Tobit work described earlier) or 
allowance for error correlations only [as in the SUR model of Srini- 
vasan and Bhat (2)]. SEMs can estimate the impacts of exogenous 
variables on endogenous ones, as well as relationships among endoge- 
nous variables. In addition, all variables are estimated with their own 
measurement errors, allowing modelers to easily find correlated errors 
and include them in the model. SEMs can also accommodate missing 
data (12)—such as zeros in certain activity categories, for the applica- 
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tion of this work—which makes it easier to run large models with 
many parameters. For these data and specifications, up to 500 param- 
eters were used in roughly 20 different model specifications. The final 
model included 36 variables (12 exogenous and 24 endogenous vari- 
ables), 56 regression coefficients, and 22 covariances for variables 
with highly correlated normalized residuals. The model was extremely 
sensitive to additional parameters, but the inclusion of covariance 
equations improved the overall fit. Even with 78 parameters, however, 
there are sufficient data for maximum likelihood estimation of the 
model: in all cases, the sample size is 15 times greater than the number 
of observed variables (n = 36) and five times greater than the number of 
free parameters (12). 


DATA 


ATUS measures the amount of time people spend engaged in various 
activities, with or without children alongside, and the general location 
of each activity (e.g., the workplace, home, someone else’s home, or a 
shopping center). The 12,248 individuals surveyed between Novem- 
ber 2006 and October 2007 performed an average of 19.15 activities 
per day. They were asked about activities on one specific day. Table 1 
provides summary statistics for the key model variables across all 
surveyed individuals, as well as those for women in households with 
children under 18 years of age. 

The model presented here explores more activity types than 
those modeled in the related literature. The ATUS data set contains 
18 different activity types (including travel), and these were aggre- 
gated into eight key activity categories that are the most important 
for individuals. The categories and example activities are listed in 
Table 2. For example, work, work-related, and educational activ- 
ities were grouped into work—education. Maintenance shopping is 
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TABLE 1 Summary Statistics of Exogenous Model Variables 


Mothers: 2+ Adults HH Head 


All Data (Nous = 12,248) (Novs = 2,348) Mothers: Single HH Head (N,,; = 571) 
Mean Med. Min. Max. SD Mean Med. Min. Max. SD Mean Med. Min. Max. SD 
HH income 63.17 45.00 2.50 200.0 50.34 62.30 45.00 2.50 200 49.56 60.84 45.00 2.50 200.0 48.70 
(1,000 US$/year) 
Age of youngest 7.92 7.00 0.00 17.00 5.69 6.45 5.00 0.00 17.00 5.37 7.68 8.00 0.00 17.00 5.13 
child in HH 
# children <18 0.79 0.00 0.00 9.00 1.14 1.92 2.00 1.00 9.00 1.05 1.79 2.00 1.00 8.00 0.94 
Trips per day 4.04 4.00 0.00 22.00 2.89 4.61 400 0.00 21.00 3.24 5.01 400 0.00 21.00 3.42 
Travel duration 73.64 60.00 0.00 1,440 78.69 73.73 60.00 0.00 870.0 71.25 78.15 65.00 0.00 539.0 67.84 
(min/day) 
Ageofrespondent 44.11 43.00 15.00 85.00 18.26 38.09 37.00 17.00 85.00 10.03 35.52 35.00 15.00 78.00 9.47 
Male 0.47 0.00 0.00 100 050 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Married 0.53 1.00 0.00 100 050 0.52 1.00 0.00 1.00 0.50 0.53 1.00 0.00 1.00 0.50 
Employed 0.46 0.00 = 0.00 100 050 044 0.00 0.00 100 050 049 0.00 0.00 1.00 0.50 
Metropolitan home 0.82 1.00 0.00 100 0.38 0.83 1.00 0.00 1.00 0.38 0.87 1.00 0.00 1.00 0.34 
location’ 
Drove on diary day 0.70 1.00 0.00 100 046 0.71 1.00 0.00 1.00 0.45 0.76 1.00 0.00 1.00 0.43 


Note: HH = household; N,,, = total number of observations; Med. = median; Min. = minimum; Max. = maximum; SD = standard deviation. 
“Metropolitan” indicates a minimum population of 50,000 or a U.S. Census Bureau—defined urbanized area and a total metropolitan area population of at least 100,000 
(75,000 in New England). 


TABLE 2 Activity Definitions 


Activity Category Customary Designation Example Activities 

Work-education (in—out)* Work Work, school 

Maintenance shopping (out) Maintenance Shopping for food, gas and groceries 

Services (in-out) Maintenance Any household and personal services, such as lawn care, health care, and salons 

Household (in-out) Maintenance Cleaning, preparing meals, caring for dependent adults (but not maintenance shopping) 

Personal (in-out) Discretionary Sleeping, personal grooming, eating and drinking, or waiting for food at a restaurant 

Leisure (in-out) Discretionary Socialization, relaxing, sports, exercise, and recreation 

Other (in-out) Discretionary Volunteering, jury duty, nonmaintenance shopping, telephone calls unrelated to other 
activities 

Travel? Travel Travel was divided into these same categories,’ including time when children were present 

Transporting children Travel Time spent waiting for or with children during pickup or drop-off 

Travel time with children present Travel Any time when a child was present for the trip 


“in-out = each activity category was further divided into in-home and out-of-home activities. 

“All travel categories except maintenance shopping were designated for the same groups. Travel time for maintenance shopping was not differentiated from that for all 
other types of shopping; that is, “travel for shopping” is for all travel for shopping. 

“These same categories” refers to work—education, shopping, services, household, leisure, personal, and other. Transporting children is a separate category so that this 
time is not double counted. Travel with children is the total time for all travel when a child was present. 
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shopping for food, gas, and groceries. The use of services is separate, 
as the need to outsource household and personal services may change 
as household characteristics change and other activities demand 
more time. These services include things like lawn care, health care, 
and salon services. 

Personal activities include sleeping; personal grooming; and 
eating, drinking, or waiting for food at a restaurant or at home. 
Household activities include cleaning, preparing meals, caring 
for dependent household adults (e.g., sick and elderly household 
members), and any activities related to the maintenance of the 
household (but not maintenance shopping). Leisure combines host- 
ing and attending social events; relaxing; and participating in sports, 
exercise, and recreation. Nonleisure other activities include time 
spent volunteering, caring for non-household members, nonmainte- 
nance shopping, and telephone calls unrelated to the other activities 
(like answering a survey). Time spent with children is reserved for 
those activities for which the primary purpose is the need or desire 
to spend time with the children in one’s household. This does not 
include all activities in which one’s children were present. Activi- 
ties include playing with, reading to, and caring for children, as well 
as attending children’s school and sporting events. Finally, time spent 
transporting children was protected as its own category and is sim- 
ply the time spent waiting for children at the destination (before or 
after an activity) and does not include all travel with children. Each 
respondent’s activity frequencies and durations were calculated, as 
were the frequency and duration of the activities when children 
under 18 years of age were present and the frequency and duration 
of in-home and out-of-home activities. 

The time expenditures modeled are for each person surveyed sep- 
arately rather than for the total household. Only one member of each 
household was surveyed; but age, gender, and the relationship to the 
surveyed individual were collected for all other members of the 
household. Of course, travel time is another key activity of great 
interest to travel demand modelers and transport policy makers. Trip 
purposes coded in the ATUS data include travel for work and educa- 
tion, personal needs, household needs, services, all shopping, leisure, 
and (nonleisure) discretionary activities. All of the activities listed 
above except for maintenance shopping have a corresponding travel 
purpose. One can assume that the distance that one travels and the 
time that one uses to travel to participate in maintenance shopping 
are relatively short because groceries and fuel are purchased on a 
regular basis. 

Control variables were selected on the basis of existing SEM 
research in the areas of activity participation and travel duration (8, 12, 
13). Household size and income, respondent gender and age, employ- 
ment status, day of the week, and other variables were included, as 
shown in the summary statistics in Table 1. 

As one would expect, there are far fewer cases of single mothers 
in the ATUS data set (n = 571 versus 2,348 non-single mothers). 
In general, the single mothers have older children and fewer chil- 
dren than mothers in households with two or more heads, even 
though single mothers are 0.9 years younger than married mothers, 
on average. Overall, 52% of the survey respondents were married, 
and this held for single mothers and non-single mothers alike. In 
the case of single mothers, this was largely because the women were 
married to men in the military or to men who for some other reason 
do not live at home. Unmarried but non-single mothers were more 
likely to have a parent, sibling, or roommate at home. Fifty-one 
percent of single mothers were employed, whereas only 45% of 
non-single mothers were employed. Single mothers drove 5.7 min 


Transportation Research Record 2163 


longer and made 0.5 more trips per day, on average, than mothers 
in households with two or more adults. Single mothers were also 
slightly more likely than non-single mothers and the rest of the 
population to live in a metropolitan area. 

Table 3 lists the summary statistics for the endogenous variables. 
Men were generally found to travel farther for work and to work 
longer hours, and ATUS activity durations for these activities suggest 
that single mothers were more like men than non-single mothers. The 
first set of data is a reflection of all cases, not only men, so one could 
look at men in particular to find if this is true. Still, single mothers 
worked as much as the national average both in home and out of 
home, for a total work duration that was about 1 h longer than that 
for non-single mothers. Non-single mothers spent slightly more 
time participating in out-of-home other activities (5 min/day). Two 
or more adults in a household resulted in a survey respondent spend- 
ing, on average, 18 min longer in home with children than single 
mothers. As expected, single mothers used more services both in 
and out of home, at 2 min/day, than non-single mothers, suggesting 
that they must outsource some necessary activities to accomplish 
all they need to accomplish in a day. Unexpectedly, however, single 
mothers have 10 min more personal and leisure time than non-single 
mothers (but still less than the overall average). This reflects the pos- 
sibility that the presence of other household adults (spouses and 
parents, for example) also affect one’s time use. 


MODEL RESULTS 


All model estimates are presented in Tables 4, 5, and 6. To obtain 
the final models, parameters with p-values greater than .10 were 
removed from the base model. At the same time, covariances were 
added to the model for variables for which the absolute value of 
the normalized residuals was much greater than the mean normal- 
ized residual. This process was repeated until the best model was 
obtained. 

For SEMs, there are different ideas about what constitutes a good 
fit. In general, most research suggests that the goodness-of-fit 
index (GFI) be greater than 0.90 and in some cases greater than 0.95 
(12, 14), but the GFI may be underestimated for small sample sizes 
(n= <200) and overestimated for large sample sizes (15). Here, the 
first model, that for all individuals surveyed, had an adjusted GFI 
of 0.86 with a standardized root mean square residual (SRMR) equal 
to 0.07, after the 22 covariances were controlled for. The subsequent 
model for mothers in households with a single adult had an adjusted 
GFI of 0.70 and an SRMR of 0.11. Because this model had only 
571 records (compared with 12,248 records in the first model), this 
was expected because of the large number of parameters estimated. 
Only seven covariances were estimated for the model with a single 
mother as the household head. For the final model of mothers in 
households with two or more adults, the adjusted GFI was 0.82 
and the SRMR was 0.08. Ten covariances were estimated to aid 
with the stability, and these values are satisfactory for a data set 
of 2,348 records. 

Table 4 presents the estimated impacts of exogenous variables on 
activity and travel duration. Income was not statistically significant in 
any of the models; however, it seemed to be practically significant, 
because its removal made the models unstable. Income squared was 
also tested and also had no statistically significant effects. The number 
of children under age 18 years was estimated to have a negative impact 
on both in-home and out-of-home work durations for individuals in the 
main model, as one might expect. 


TABLE 3 Summary Statistics of Exogenous Model Variables 


All Data (Nop = 12,248) Mothers: 2+ Adults HH Head (N,,; = 2,348) Mothers: Single HH Head (N,,; = 571) 
Mean Med. Min. Max. SD Mean Med. Min. Max. SD Mean Med. Min. Max. SD 

Total travel duration with children 6.81 0.00 0.00 760.0 29.72 22.47 0.00 0.00 760.0 49.75 17.56 0.00 0.00 385.0 32.40 
Travel for work—education 18.50 0.00 0.00 1,230 34.33 14.09 0.00 0.00 355.0 25.60 16.08 0.00 0.00 175.0 27.91 

duration 
Travel for household duration TAT 0.00 0.00 360.0 22.80 14.01 0.00 0.00 315.0 27.53 19.05 0.00 0.00 309.0 34.62 
Out-of-home duration with children 3.47 0.00 0.00 559.0 21.97 13.92 0.00 0.00 403.0 40.14 13.19 0.00 0.00 507.0 51.40 
Out-of-home work-—education 211.3 0.00 0.00 1,380 253.7 181.0 0.00 0.00 1,380 232.2 211.9 0.00 0.00 835.0 238.3 

activities 
Out-of-home other activities 36.53 0.00 0.00 1,100 77.61 40.08 0.00 0.00 620.0 76.56 36.34 0.00 0.00 555.0 73.01 
Out-of-home HH activities 7.89 0.00 0.00 930.0 34.39 5.81 0.00 0.00 765.0 25.93 8.07 0.00 0.00 360.0 31.05 
Out-of-home leisure activities 67.58 0.00 0.00 1,073 121.6 65.27 0.00 0.00 798.0 115.4 70.82 10.00 0.00 695.0 126.3 
Out-of-home personal activities 27.40 0.00 0.00 710.0 41.18 23.04 0.00 0.00 353.0 35.71 22.08 0.00 0.00 350.0 35.01 
Out-of-home maintenance shopping 714 0.00 0.00 430.0 19.53 8.49 0.00 0.00 182.0 21.41 7.50 0.00 0.00 145.0 19.67 

activities 
Out-of-home services activities 5.49 0.00 0.00 600.0 27.49 5.83 0.00 0.00 480.0 28.71 7.10 0.00 0.00 299.0 32.07 
In-home duration with children 23.97 0.00 0.00 990.0 70.15 98.50 60.00 0.00 990.0 1233 74.25 30.00 0.00 572.0 101.2 
In-home work-education activities 235.7 60.00 0.00 1,380 261.6 205.2 5.00 0.00 1,380 241.5 235.7 120.0 0.00 930.0 248.6 
In-home other activities 49.69 0.00 0.00 1,100 90.94 52.54 6.00 0.00 990.0 86.62 57.62 5.00 0.00 818.0 104.8 
In-home leisure activities 292.2 255.0 0.00 1,378 206.2 233.0 205.0 0.00 960.0 167.9 236.0 190.0 0.00 975.0 193.8 
In-home services activities 6.11 0.00 0.00 600.0 29.19 6.30 0.00 0.00 480.0 29.29 7.34 0.00 0.00 299.0 32.24 


Nore: Data are in minutes. 
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TABLE 4 Estimated Total Direct Effects of Exogenous Variables on Activity and Travel Duration 


Travel for Work— Out-of-Home Work— In-Home Work— 
Education Duration Education Duration Education Duration 
Exogenous Variable 1° 2 36 1 2 3 1 2 3 
Number of HH children <18 — — _— —0.04 —0.07 —_— —0.03 —0.06 — 
(4.78) (-4.14) (-4.91) (-3.59) 
Age of youngest HH child — 0.03 — 0.07 — —_ 0.07 — 
(2.11) (3.90) (4.42) 
Age —_— — — —0.08 —0.09 — —0.08 -0.10 —0.09 
(-10.9) (-5.83) (-11.8) (-6.25) (-2.43) 
Male 0.05 — — 0.10 — — 0.09 —_ _ 
(5.94) (14.5) (16.5) 
Weekend —-0.05 —0.04 —0.08 —0.27 —0.30 —0.34 —0.22 —0.29 0.44 
(-5.96) (2.28) (-2.39) (-39.9) (-18.5) (-10.8) (-37.6) (-18.8) (-13.2) 
Holiday _ — — —0.03 _— — —0.02 — — 
(-4.99) (-3.22) 
Drove on diary day _ _ — 0.21 0.15 0.11 0.16 0.12 0.21 
(26.9) (9.23) (3.24) (21.0) (7.49) (6.17) 
Partner is unemployed 0.03 —_ _ —_ —_— _ _ _ 
(3.88) 
Metropolitan 0.05 0.04 0.07 — — — _— _ 


(6.30) (2.75) (2.20) 


NOTE: z-values are provided in parentheses, and effects significant at p = .05 are shown; — = variables not included in the final model for sample. 


“1 =all data, N= 12,226, adjusted goodness of fit = 0.86, SRMR = 0.07. 


2 = mother in household with two or more household heads; N = 2,348, adjusted goodness of fit = 0.82, SRMR = 0.08. 
°3 = mother in a household with single household head, N = 571, adjusted goodness-of-fit = 0.70, SRMR = 0.11. 


For individuals with a nonworking partner, work travel tended 
to be longer than that for single workers and for individuals whose 
partner was employed. This suggests that home and work location 
may be more important for dual-income households than for single- 
income households, as Green has suggested (3). Dual-income house- 
holds may be trading off these locations to achieve optimum travel 
times for both earners. Furthermore, the employment status of the 
partner had no statistically significant impact on the work travel of 
mothers in households with two-plus adults. Because the model con- 
trolled for employment status, the positive coefficient for the impact 
of the male on work travel and work durations suggests that, overall, 
men still do work slightly longer hours and travel farther for work 
than women. 

The coefficients for single mothers who drove on the diary day 
are interesting. Single mothers who drove still spent more time 
working than their nondriving counterparts, but the effect was 
smaller than that for the average case and for non-single mothers. 
Similarly, single mothers who drove spent more time working in 
home than the individuals in the other two models. Taken together, 
these results suggest that the mobility provided by vehicle owner- 
ship gives needed flexibility in activity scheduling for single mothers, 
a demographic that needs this flexibility perhaps more than any 
other. Also, because single mothers are the only source of income 
in their households, this scheduling flexibility could mean that 
they are able to work longer hours and thus better provide for their 
children. 

Finally, the age of the children and the number of children had no 
impact on the work duration of single mothers. In contrast, mothers 
in households with two or more adults worked more as their children 


aged. This could be another indicator of flexibility, suggesting that 
single mothers are already working as much as possible throughout 
their children’s lives, whereas mothers with older children are able to 
adjust their schedules as their children age. 

Table 5 lists the impacts of time spent with children and the 
exogenous variables on activity durations. In general, the results are 
intuitive: as one’s children’s ages increase, the amount of time spent 
with them decreases. Each added child increases the overall amount 
of time spent with children in a statistically significant way, but just 
about half a minute per day per child, on average. As the number 
of children increases, the amount of time spent working decreases 
for everyone except single mothers, again suggesting that single 
mothers are already spending the minimum time working each day. 
Single mothers tend to spend less time with children out of home as 
the number of children increases, whereas the amount of time with 
children out of home increases with the number of children for the 
other cases. The duration with children both in and out of home 
is estimated to negatively affect work activity duration in all cases 
except the case of out-of-home time with children on out-of-home 
work time for mothers in households with two or more adults, sug- 
gesting that this group’s decision to work is independent of the time 
spent with their children. As the children age, they may be spending 
less time at home, which could explain why out-of-home work dura- 
tion is affected by the children’s age only for mothers in households 
with two or more adults. The coefficient on in-home work duration on 
the weekend for single mothers is high likely because single mothers 
already spend more time working in home. For single mothers, the 
amount of time spent in home with children has less of an impact on 
personal and leisure time than it does for the individuals in the other 
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models. This suggests that mothers in households with two or more 
adults choose to sacrifice leisure time and personal time for the sake 
of other household members, whereas single mothers, who are already 
lacking in these activity durations, may be less willing to give up all 
their personal and leisure time (or they just had too little of it to 
begin with). It would be interesting to look into the effects that one’s 
spouse or senior parents have on activity allocation in a separate model 
in the future, as was done here with children. 

For all individuals who drove on the diary day, the amount of time 
spent with children out of home increased. This effect was the great- 
est for single mothers (regression coefficient, .1), again suggesting 
that the mobility provided by a personal vehicle has benefits for 
household children. Overall, more time spent out of home with chil- 
dren resulted in less time spent transporting children. For non-single 
mothers and single mothers, however, the amount of time spent 
transporting children decreased with out-of-home duration with 
children (regression coefficients, .05 and .15, respectively). Although 
these effects are not always so great, their significance relative to 
one another is useful in suggesting what a possible order of time 
allocation could be. They also indicate that SEMs are able to distin- 
guish very minor effects that may go unnoticed in other models. 
These observed effects could mean that in the case of non-single 
mothers, fathers or other household members are more likely to 
transport children to certain activities. For single mothers, it could 
suggest that the activities that children are engaging in out of home 
are just not the kind that require transportation, as their transport 
means and schedule are likely more limited. For example, single 
mothers may not spend as much time watching their children play 
sports or musical instruments, but instead, their time out of home is 
in seeking medical care. It could also mean that these mothers are just 
not traveling far from home to spend time with their children. Con- 
trols for household income and income squared were statistically 
insignificant in all cases. 

Table 6 lists all statistically significant effects among the presence 
of children and activity durations. Work duration outside the home 
was neither a statistically significant (at the 5% level) nor a prac- 
tically significant influence on the amount of time spent with chil- 
dren either in or outside the home, and the in-home work duration 
was also estimated to have no impact. It would appear that indi- 
viduals allocate travel time first for work-related travel, leaving 
less time for leisure, personal activities, and shopping (including 
maintenance shopping). This applied for mothers in households 
with two or more adults, but the travel time for single mothers was 
not affected by their work travel. Travel with children was not sig- 
nificant for single mothers, perhaps because their activity schedules 
are less flexible and thus their travel with children is required. For 
all individuals, the amount of time with children increases as travel 
with children increases, suggesting that these people bring their 
children along for more activities throughout the day. Work travel 
did not affect the amount of time spent with children in or out of 
home in any case. 

Travel for other activities was unaffected by work travel. This 
suggests that these travel purposes are stable for individuals, and 
perhaps other travel, as defined here, is not as nonobligatory as ana- 
lysts have presumed. Also, in some cases in-home activities engen- 
der travel. In the case of leisure activities, this could mean that 
relatively active or sociable individuals (who spend relatively more 
time both in and out of home exercising and socializing) travel to do 
so. For service-related activity durations, it likely just means that 
some travel is involved with securing services in the home. 
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CONCLUSIONS 


Using the 2007 ATUS, this paper examined multiple relationships 
between household attributes, the amount of time that parents spend 
with their children, and time expenditures of parents on various 
other activities, including travel, with a special focus on single and 
non-single mothers and how their patterns differ. The data suggest 
that the number and age of the children have multiple effects on 
activity allocation decisions, and these affect travel time allocation 
for different purposes. This use of multiple activity categories 
(beyond simple work and non-work purposes) in this work yields 
interesting yet plausible insights into activity scheduling choices, 
and the ability of SEMs to distinguish small effects in these models 
suggests that such models are well suited for predicting complicated 
behaviors. As expected, higher work travel time expenditures are 
associated with drops in time for travel for leisure (which includes 
sports, exercise, recreation, and socializing). These activities have 
important implications for health and quality of life of Americans, 
both parents and children. 

Individuals who drove on the diary day were able to spend more 
time with their children, suggesting the scheduling flexibility pro- 
vided by driving is an important benefit, especially for single moth- 
ers whose time is limited. Work and work travel did not affect the 
amount of time spent with children, suggesting that time spent with 
children is an important activity allocation of its own that merits con- 
sideration. The impacts on time expenditures provided by the pres- 
ence of other adults in the households are also worth studying, as it 
seems that such adults are associated with reductions in the personal 
and leisure time of the mother. These effects combined seem to sug- 
gest that more schedule flexibility could be good for everyone. Tran- 
sit authorities could perhaps further reduce or even eliminate fares 
for children below a certain age to give mothers without vehicles 
more flexibility in their schedule and allow them to spend more time 
with their children, both in and out of home. Vehicle manufacturers 
and transit providers may do well to cater specifically to single 
women with needs different from those of the average individual. 

Various potential extensions to this work exist. For example, sep- 
arate models for households with different structures (e.g., single or 
dual worker, married or single, employed or not, and the presence 
of children) could be estimated to determine in greater detail the sig- 
nificance of different variables across more homogeneous groups. 
However, there are rather few records for some groups (e.g., unmar- 
ried mothers who are the sole household adult), which affects the 
statistical confidence in the model results. Variables to indicate the 
presence of spouses or friends on trips would also be interesting, as 
would the time-of-day information by region, to ascertain whether 
(and how) congestion may affect activity time allocations. More 
variables could be created for children as well (such as time spent 
learning, playing, exercising, and attending music lessons or recitals). 
However, because children are generally not accompanying their 
parents to work, their involvement in household non-work activities 
could be a sufficient indication of their primary impacts on time 
allocation. Finally, a trip chain variable could be added to the model 
system to examine simultaneously how different people chain trips 
and how these decisions affect activity durations. More attributes on 
household locations (e.g., neighborhood density and distance to the 
workplace) would also be useful. Nevertheless, this work is an 
important demonstration of how meaningful the ATUS data are for 
understanding intrahousehold time dynamics and anticipating which 
people are under the tightest time constraints, how that happens, and 
what that implies for behavior. 
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TABLE 5 Estimated Direct Effects of Children on Activity and Travel Durations 


In-Home 


Duration with Children 


Personal Activity Duration 
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Leisure Activity Duration 


Exogenous Variable 1 2 gf 1 2 3 1 2 3 
Number of HH adults _— —0.09 —_ — — — = _ — 
(-5.38) 
Number of HH children <18 0.42 — — — = —_ = __ = 
(43.1) 
Age of youngest HH child -0.21 -0.50 -0.44 — = — = = = 
(-25.4) (—28.7) (-10.7) 
Age -0.11 — 0.09 -- — — = = = 
(-12.7) (2.41) 
Gender: male (dummy) -0.13 = _ — = = = = = 
(-15.7) 
Weekend (dummy) —0.04 -0.10 oa —_ —_— — —_ = — 
(-5.36) (-5.79) 
Holiday (dummy) — —0.04 _ — — = = — _ 
(—2.16) 
Drove on diary day (dummy) — —0.04 _— — — = = = _ 
(-2.13) 
Unemployed (dummy) 0.02 _— — —— ao = =s = a 
(2.12) 
Partner is unemployed (dummy) —_— —_ — a — = — _ a 
Metropolitan (dummy) 0.02 0.04 — — a ae — = a 
(2.23) (2.21) 
Total travel duration 0.06 —0.05 —— — — == = —_ os 
(7.77) (—2.75) 
In duration with children -- a —_ —0.09 -0.19 -0.12 —0.23 0.23 —0.20 
(-10.5) (-10.1) (-3.15) (-31.7) (-14.7) (-6.06) 
Out duration with children — — — — — — — = _ 
NOTE: z-values are provided in parentheses, and effects significant at p = .05 level are shown; — = variables not included in the final model for sample. For descriptions 


of 1, 2, and 3, see footnotes a, b, and c of Table 4. 
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Out-of-Home 
Work—Education Activity Duration Duration with Children Child Pickup Activity Duration Work-Education Activity Duration 
1 2 3 1 2 3 1 2 3 1 2 3 
—0.03 —0.06 _ 0.16 0.08 -0.10 — — — —0.04 —0.07 — 
(-4.91) (-3.59) (17.5) (3.94) (2.30) (-4.78) (-4.14) 
— 0.07 — — -0.07 oa — — — — 0.07 _ 
(4.42) (-3.52) (3.90) 
—0.08 —0.10 -0.09 _ oo — — -- ne —0.08 —0.09 — 
(-11.8) (-6.25) (-2.43) (-10.9) (-5.83) 
0.09 — — -0.04 == — — — 0.1 — _ 
(16.5) (-4.70) (14.5) 
0.22 -0.29 -0.44 — — _ — — oo 0.27 0.30 —0.34 
(-37.6) (18.3) (-13.7) (-39.9) (-18.5) (-10.8) 
-0.02 = = = = = — = — 0.03 = — 
(-3.22) (-4.99) 
0.16 0.12 0.21 0.03 0.07 0.10 — — — 0.21 0.15 0.11 
(21.0) (7.49) (6.17) (3.63) (3.50) (2.47) (26.9) (9.23) (3.24) 
— — — — —0.04 — — —— — — — _ 
(2.04) 
— — — 0.05 = — — — — — —_— _ 
(5.21) 
-0.01 —0.03 —0.18 oo _ — — — — — — — 
(3.53) (-4.01) (-4.95) 
_— _ — _ — — 0.07 -0.05 0.15 -0.01 — —0.08 
(8.04) (-3.15) (4.29) (-2.30) (-2.55) 
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TABLE 6 Estimated Direct Effects of Activity and Travel Durations on Travel and Children Variables 


In with Children 
Exogenous Variable 1? oP 


Total travel duration with children present 0.06 —0.05 
(7.77) (-2.75) 


Travel for work—education duration — — 


Out-of-home work-—education activities — — 


3° 


Out with 


Children 


Travel for Work—Education Travel for Other 


Out-of-home other activities 


Out-of-home household activities — —_ 


Out-of-home leisure activities 


Out-of-home personal activities — _ 


In-home work-education activities 


In-home other activities — —_— 


In-home household activities 
In-home leisure activities — — 


In-home maintenance shopping activities _ —_ 


In-home services activities 


NOTE: z-values are provided in parentheses, and effects significant at p = .05 level are shown; — = variables not included in the final model for sample. For the descriptions 


of 1, 2, and 3, see footnotes a, b, and c of Table 4. 
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Travel for Household Travel for Leisure Travel for Personal Travel for Shopping Travel for Services 
1 2 3 1 2 3 1 2 3 1 2 1 
—0.02 —0.04 — -0.05 - — 0.06 —0.07 —0.09 —0.05 —0.06 — 
(-2.83)  (-2.11) (-5.66) (-6.95) (-3.95)  (-2.46) (-5.52) (-3.51) 
0.22 0.16 0.14 — — — — — — 
(27.8) (9.83) (4.50) 
_— — — 0.41 0.46 0.30 — -- — — — — 
(46.1) (23.2) (7.20) 
_— — — — oa — 0.35 0.34 0.41 — — _— 
(43.0) (18.8) (11.6) 
— — _ — _ — — — _— — — 0.49 
(22.7) 
— — —0.06 -- — — — — -- — -- a 
(-1.96) 
— _ — -0.07 —0.05 -0.09 _— _ — — —_ — 
(-7.16)  (-2.34) (2.19) 
— _ — -+ — — — — — 0.27 — —- 
(31.4) 
_ — — — _ — — 0.08 
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Safeguarding Minority Civil Rights and 
Environmental Justice in Service Delivery 


and Reductions 


Case Study of New York City Transit Authority 


Title VI Program 


Alla Reddy, Thomas Chennadu, and Alex Lu 


Federal civil rights and environmental justice (EJ) mandates require tran- 
sit agencies to provide service without racial or income discrimination and 
to ensure meaningful access by individuals with limited English profi- 
ciency. EJ research generally focuses on long-range planning and capital 
investment decision making. However, for operating agencies, equity in 
scheduling, service planning, and tactical service delivery operations is 
critical to compliance with Title VI legislation and FTA Circular C4702.1A. 
In 2009, New York City Transit (NYCT) designed a service reductions 
package in response to the economic downturn. EJ considerations were 
integral to its planning. The use of ridership performance criteria for route 
selection resulted in fewer impacts on routes with heavily minority or 
low-income populations. Quantitative analysis ensured that protected 
demographics were not significantly adversely affected by proposed 
service rationalizations. Route and frequency modifications and service 
span changes were evaluated with statistical t-tests during programming 
stages, resulting in proposals sensitive to equity concerns. Operationally, 
NYCT actively monitors service using U.S. census, survey, and routine 
agency data. The t-test and the chi-square test explicitly demonstrate racial 
and income equity in all aspects of agency operations on the basis of ser- 
vice standards and policies. As an example, t-tests compared the observed 
load factors with published guidelines; no significant differences in service 
delivery between demographic groups were found. 


One key event of the modern U.S. Civil Rights movement in trans- 
portation took place aboard a public transit bus in Montgomery, 
Alabama. On December 1, 1955, Mrs. Rosa Parks, a seamstress by 
trade, refused to give up her seat to a Caucasian man on board National 
City Lines Bus No. 2857 and was arrested for refusing to obey the 
directions of the driver (1). The local women’s political council 
organized a bus boycott by Montgomery’s black community, which 
caused significant deficits in public transportation revenue. The 
ensuing struggle lasted 381 days, eventually leading toa U.S. Supreme 
Court decision (Browder v. Gayle) declaring laws requiring segregated 
buses unconstitutional (2). 
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The Montgomery Bus Boycott was preceded by a similar event 
in Baton Rouge, Louisiana, in 1953 (3) that abolished local laws 
requiring seat segregation and subsequently inspired boycotts across 
the South, including Tallahassee, Miami, and Tampa in Florida; 
Atlanta, Georgia; and Rock Hill and Columbia, South Carolina, as 
well as Freedom Rides onboard Greyhound Lines (4) designed to 
test the Supreme Court decision. 

All U.S. transit agencies are today required not to discriminate 
against any person on the basis of race, color, religion, gender, or 
national origin. FTA also requires agencies to identify and address 
adverse health, environmental, social, and economic effects of transit 
operations on minority and low-income populations and to ensure 
meaningful access by persons with a limited English proficiency 
(LEP) (5), together termed “environmental justice” (EJ) requirements. 
These requirements are rooted in the Civil Rights Act of 1964. First 
proposed by President John F. Kennedy but not passed until after his 
assassination, it became part of President Lyndon B. Johnson’s 
Great Society initiatives that created many social programs, includ- 
ing the Urban Mass Transportation Administration (UMTA), FTA’s 
predecessor. As President Johnson remarked upon signing: 


Americans of every race and color have died in battle to protect our 
freedom. ... Now our generation of Americans has been called on to 
continue the unending search for justice. . .. We believe that all [people] 
are created equal. Yet many are denied equal treatment . . . it cannot 
continue. Our Constitution . . . forbids it. Principles of our freedom 
forbid it. Morality forbids it. And the law I will sign tonight forbids it. . . . 
Its purpose is not to punish, . . . not to divide, but to end divisions— 
divisions which have all lasted too long. . . . This Civil Rights Act is a 
challenge to all of us to go to work in our communities and our states, 
in our homes and our hearts, to eliminate last vestiges of injustice in 
our beloved country. (6) 


Title VI applies to federal grant programs, including transit finan- 
cial assistance. Under President William Clinton, Executive Order 
(EO) 12898 imposed additional environmental justice requirements 
in 1994, and EO 13166 defined responsibilities to individuals with 
LEP in 2000. FTA issued Circular C4702.1A in 2007 (supplanting 
UMTA’s 1988 Circular C4702.1), which provides federal grant 
recipients with specific guidance on how these regulations should 
be met (5). Through quantitative analyses and federal enforcement 
actions, EJ monitoring is now more effective and rigorous than it was 
in Title VI’s nascent years, when many major U.S. cities abandoned 
elevated train lines serving heavily minority and poor neighborhoods. 
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New York City Transit’s (NYCT) Title VI Program uses analyt- 
ical methods for EJ evaluation in service changes (specific impact 
analyses) and service delivery (systemwide assessment). Statistical 
data mining ensures racial equity and EJ in operating decisions, to 
meet FTA requirements in continuing systemwide monitoring. For 
the 2009 Budget Balance Service Rationalization Proposal, NYCT’s 
quantitative data and methodology identified service cuts that met 
the budget criteria but that did not adversely affect minorities and 
low-income populations. On the basis of inputs from the community, 
modified service reductions are pending implementation in 2010. 


LITERATURE REVIEW 


In general, analysis of EJ by transit agencies concerns three main 
areas of operations: long-range capital investment decision making, 
short-range service planning, and tactical day-to-day service delivery. 
Prior EJ research has described the data sources, processes, and 
challenges (7), particularly from the standpoints of highways (8, 9), 
capital projects (JO—/2), and long-range planning (/3, 14) in areas as 
varied as Florida, the Carolinas, Chicagoland (northeastern Illinois), 
Southern California, and the San Francisco Bay area in California; 
but specific discussions from the viewpoints of operating authorities 
are rare in the literature. 

NYCT pioneered the application of statistical significance testing 
to the monitoring of Title VI in 1995 (/5). These methods are used 
in quality control, industrial engineering, medical testing, crime data 
mining, and human resources (employee pool monitoring) but are 
not commonly applied to EJ issues. Statistical tests have since been 
adopted by Metropolitan Transportation Authority (MTA) sister 
agencies Metro-North (/6), Long Island Rail Road, and more recently, 
the Long Island Bus and MTA Bus Company but did not achieve 
widespread adoption outside New York. 


Demographic Analyses 


Title VI reports are submitted to FTA triennially. Although they are not 
widely distributed, some may be available via Freedom of Informa- 
tion Law requests. Title VI Compliance Reports or Program Updates 
for agencies in California, Florida, Virginia, and New York were 
reviewed to determine the data sources and the methodologies used. 

Of the 10 reports reviewed (including reports from large and small 
agencies describing an assortment of transport modes), nine used 
U.S. census data and many conducted passenger surveys to supple- 
ment their efforts. Nine agencies published systemwide standards, 
guidelines, and performance measures. However, only six conducted 
aggregate system data comparisons (e.g., by using average values) 
by demographics. Generally, agencies having demographic compar- 
isons were thorough in Title VI coverage, providing demographic 
analyses on variables such as the number of routes, the number of 
daily trips, peak and off-peak frequencies, and average vehicle fleet 
age by route (17). Of eight non-MTA reports reviewed, none used 
statistical tests to determine whether average differences across 
demographics were significant. 


Service Changes 


FTA Circular C4702.1A requires demographic analysis only for major 
service changes based on the adopted guidelines. Of the 10 reports 
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reviewed, four contained service change information, typically a list 
of changes that occurred (/8). Some explicitly stated that no major 
service changes occurred during the triennial period. Qualitative 
narratives of the affected neighborhoods, such as “predominantly 
minority,” are sometimes provided (17). 


Other EJ Analyses 


Two typical EJ analyses completed during project environmental 
impact assessment (EIA) processes were reviewed (19, 20). EO 12898 
and the National Environmental Policy Act of 1969 require an EJ 
analysis for large capital projects. EIA processes use specialist quan- 
titative tools to determine and compute the expected environmental 
impacts (such as noise, air quality, and traffic levels), and quantitative 
average or ranking comparisons are typically made across demo- 
graphics. However, significance testing techniques do not appear to 
be widespread. 


Applied Statistics 


Two primary types of statistical tests can determine whether sig- 
nificant differences exist between two sets of observations. The 
quantitative ¢-test deals with measured differences. The chi-square 
(x7) test, in this context, is a binary test dealing with pass—fail 
observations. Demonstrating that service provided is independent 
of demographics (i.e., that it fulfills EJ criteria) essentially reduces to 
the use of appropriate statistical tests. Although the direct comparison 
of average values or quantities might seem straightforward, it cannot 
distinguish between significant differences (the results of policy or 
historical factors producing inequality) and insignificant differences 
(a random chance artifact of sample data collection) (2/). 


t-Test 


For quantitative t-tests, the quantities being compared must be prop- 
erly weighted and normalized. Weighting ensures that the services 
affecting more people or buses are proportionally accounted for. 
Normalization expresses measurements as rates or ratios instead of 
raw observations, which can introduce undesirable biases for reasons 
other than demographic differences. 

Two-sample unpaired t-tests determine whether the services 
provided (measured by quantitative performance indicators) to two 
populations (e.g., a minority versus a nonminority population) are 
disproportionate. A sample of observations is gathered from each 
population; the t-statistic is calculated from the means and standard 
deviations for both samples and is compared with the t-critical value 
(dependent on standard deviations and observation counts). If the 
sample t-statistic falls within the range delimited by the f-critical 
value, two sample averages are close enough not to be statistically 
significant (22, 23). 


x°-Test 


x?-tests (goodness of fit) determine whether the existence of attributes 
or amenities is independent of demographics, essentially detecting 
correlations. The ¥7-statistic is calculated from the observed and 
expected frequencies of an attribute in each group and compared 
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with the y?-critical value, dependent on the number of degrees of 
freedom (df); df equals 1 for 2 x 2 contingency tables, for example, 
pass-—fail versus minority-nonminority (22, 23). If the x?-statistic is 
below the x-critical value, the observed and expected distributions are 
close enough to be statistically insignificant (21). This ‘y application 
compares what actually happened with what would hypothetically 
have happened if all other things were equal. 


CASE STUDY: NYCT TITLE VI PROGRAM 


Although ongoing actions are required to maintain compliance, 
detailed analyses of agency operations are conducted every 3 years 
and whenever major service or fare changes are proposed. Ana- 
lytical requirements to ensure race and income equity are in five 
specific areas: 


e Customer demographic data, 

e Systemwide service standards, 

e Systemwide service policies, 

e Service and fare change evaluations, and 
e Transit service monitoring. 


Service standards (quantitative) and policies (qualitative) are intended 
to prevent discriminatory service design and forestall operational 
decisions with disparate impacts. Service and fare change evalua- 
tions ensure that the impacts are evenly distributed. Transit service 
monitoring verifies equitable service from the vantage point of the 
customers. 


Data Sources 


In general, FTA Circular C4702.1A requires that existing data 
sources be used to demonstrate compliance; although special data 
collection efforts can satisfy the requirements, such efforts are not 
necessary unless other data are not readily available. Dedicated 
surveys should be considered a last resort. Common data sources 
include 


e U.S. census demographic data (100% enumeration every 
10 years), 

© Operations data (train register sheets, pullout sheets, etc.), 

¢ Ridership and data collected for planning studies, 

¢ Performance measures for internal audits and reporting (24), 

© Data from agency management databases (e.g., asset registers), 

¢ Data from routine surveys (e.g., customer satisfaction surveys), 
and 

¢ Schedule data and online journey planning tools (scheduled 
travel times). 


Typically, a plethora of data are readily available from mandatory 
reporting, such as data reported by to the National Transit Database 
and by state departments of transportation (DOTs) and public utilities 
commissions, and from reporting by management, such as the reported 
key performance indicators popular with international benchmarking 
groups. To minimize resource consumption, the available data can 
be obtained by quantitative data mining, resulting in systemwide 
assessments much more representative and extensive than those 
performed by the use of data from one-time special surveys. NYCT 
conducts most analyses using U.S. census data. 
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Customer Demographic Data 


FTA’s Circular C4702.1A requires the collection and mapping of 
demographic data because patterns are easily discerned visually. 
NYCT chose a locally developed alternative that includes both census 
and marketing survey data. The census establishes subway station 
and bus route minority or low-income category thresholds. Tracts 
having greater than the average proportion of minority and poverty 
residents are tagged. The five-borough average indicates that 65.02% 
of city residents are minority (according to the census definition) 
and that 21.25% live in households with incomes below the federal 
poverty line. Figure 1 shows the population distribution in New York 
City’s five boroughs or counties and includes the map for Bronx 
County as an example. 

NYCT conducts MetroCard marketing surveys using a panel of 
1,500 random city residents and collects demographic data, although 
notin a form readily usable for analyses. Panelists periodically respond 
to income range, mode choice, transit use, fare medium choice, and 
automobile availability questions. Respondents describe trips taken 
within the last 48 h (2 days). The areas covered by transit service 
quality questions, which generate scores between 0 (worst) and 
10 (best), include 


¢ Perception of speed, 

e Sense of personal security, 

¢ Reliability, 

e Safety from accidents, 

© Overall comfort, 

e Value for money, 

e Frequency of service, 

e Predictability and regularity, 
¢ Cleanliness, and 

e Peak hour crowding levels. 


Although the findings from this survey can corroborate known 
trends, the stratified 1,500-resident sample limits its usefulness outside 
the original survey design focusing on attitudes and perceptions. 


Systemwide Service Standards 


FTA’s Circular C4702.1A requires objective systemwide standards 
to compare the services provided to different neighborhoods quan- 
titatively and requires corrective actions for significant disparities. The 
FTA-mandated standards are prescriptive, including (at a minimum) 
vehicle load, headway, on-time performance (reliability), amenity 
distribution, and service availability (maximum walking distance 
for transit access). 

NYCT has long published service planning load and headway 
standards. Essential to attracting and keeping riders, reliability is 
particularly important (25) and has been on NYCT committee agendas 
since 1993. Availability standards are based on the industry-standard 
%-mi walking distance; a geographic transit network database is 
used for analysis. 

NYCT developed subway amenity standards in 2003, in consul- 
tation with FTA and the affiliated agency, MTA, using amenity 
installation and functionality data from Passenger Environment 
Surveys (26). The criteria include seating (benches), trash recepta- 
cles, train arrival annunciators, MetroCard vending machines, pas- 
senger information centers, and system maps. x?-tests for amenities 
ensure that their availabilities are independent of demographics 
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County (Borough % Minori Pove' Povert Income 
| 193,651 | 1,138,999 | 
| 854,532 | 


193,651 | 1,138,999 892,971 395,263 
Kings (Brooklyn 854,532 | 1,610,794 


[Queens 782,895 | 1,496,484 
316,316 | 127,412 
| Five-Borough Total _| 2,801,267 | 5,207,011| 65 | 6,185,592 1,668,938 | 21 | 


Note: Due to U.S. Census obfuscation at Census tract level, total New York City population by race and income do 
not sum to the same total. NYC’s actual total year 2000 Census population estimate was 8,008,278. 
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FIGURE 1 Population distribution summary in NYCT's service area and map example (N/A = area with no census population). 
(Source: MTA.) 


(EJ criteria). NYCT does not set bus shelter standards, because the NYCT’s previous vehicle assignment decisions were operationally 
New York City DOT maintains bus stops as part of the citywide and convenience driven. No written policies on new bus depots or 
infrastructure on behalf of multiple carriers. neighborhood allocations existed. In 2003, with FTA, the Department 


of Buses developed feasible bus fleet assignment standards that 
achieve the objectives of Title VI. Bus fleet assignment constraints 


Systemwide Service Policies include the following: 
Service policies, unlike standards, are not necessarily based on quan- 1. The depot storage capacity cannot be exceeded. 
titative thresholds. Circular C4702.1A is less prescriptive here, 2. The deadhead mileage (out-of-service bus travel from the depot 


allowing agencies to set policies appropriate to their services. to the route’s beginning at the start of service) must be minimized. 
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3. Routes may be split between depots for efficiency and labor 
considerations. 
4. The bus type must be appropriate to the characteristics of the 
route: 
— Articulated buses for high-volume routes, 
— Over-the-road coaches for express routes, and 
— Assignment of buses operating on an alternative fuel (com- 
pressed natural gas, hybrid electric) to the appropriate maintenance 
facilities. 
5. Reassignments between depots must be minimized to improve 
the maintenance-tracking accuracy for individual vehicles. 
6. The fleet types at each depot must be minimized to reduce 
spare inventories and specialized training requirements. 


NYCT endeavors to maintain a uniform fleet age across depots 
(EJ criteria) subject to these constraints, resulting in 6.0- to 7.5-year 
average fleet age (on the basis of a 12- to 15-year bus life cycle). 
Fleet age t-tests at the depot level ensure that operationally driven 
assignments do not inadvertently introduce fleet age biases. 


Evaluation of Service and Fare Changes 


FTA requires assessments of significant service and fare changes 
(and proposed improvements) during planning and programming to 
detect potential discriminatory impacts. Agencies must define “major” 
service changes. 

NYCT’s routine platform budget service changes are usually small. 
Requirements for major changes include demographic maps, impact 
analyses, identification of transportation alternatives, and mitigation 
actions. For NYCT, this requirement was tested with the 2009 Budget 
Balance Service Rationalization Plan (BBSRP; see below), which 
included fare increases of up to 23% and major service changes on 
four subway lines and 27 bus routes. Although it was not implemented 
initially because additional funding became available, statistical analy- 
ses conducted in the planning phases assisted NYCT with ensuring 
compliance with EJ requirements. 


Monitoring of Transit Service 


Monitoring of transit service verifies the implementation of written 
policies and practices and evaluates service provision from the 
viewpoints of the ultimate customers according to EJ criteria. NYCT 
monitors service delivery using all FTA criteria, incorporating the 
following: 


e Level-of-service (LOS) methodology. LOS is measured sepa- 
rately for each mode. All NYCT subway routes are minority, making 
route-level comparisons impossible. Route-level statistical tests are 
conducted for buses. The same analyses are repeated for income 
demographics. LOS elements include 

— Vehicle loads at the route’s busiest segment, which are mea- 
sured against the loading guidelines in the service standards (see 
the section on the worked example below) separately for peak and 
off-peak periods; 

— Vehicle headway (peak and off-peak), which is measured 
against systemwide standards; 

— On-time performance, for which NYCT uses a wait assessment 

measure (24); 
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— Transit amenities, which are measured at the subway station 
level, as bus amenities are provided by the New York City DOT; 

— Service availability, which is measured for the subway and 
bus networks combined for sample census tracts by demographic; 
and 

— Vehicle assignment, which is measured against service policy 
using fleet age statistics. Although this is not required by FTA, 

NYCT monitors it. 

© Quality-of-service (QOS) methodology. The QOS methodol- 
ogy analyzes origin—destination (O-D) travel times and costs by 
census tracts. Origin tracts from the census Transportation Plan- 
ning Package’s Journey-to-Work O-D matrix are randomly sampled 
(separately for minority and nonminority populations). The travel 
times and costs for the three most-traveled destinations from sample 
origins (i.e., the O-D pairs with the heaviest traffic) are populated 
by using computerized travel planner tools (see the section on the 
service change case study). t-tests determine if travel times and costs 
are significantly different across demographics. 

e Analysis of customer surveys. MetroCard marketing survey 
scores for service quality questions are analyzed by demographics. 
t-tests determine whether attitudes and perceived quality differ 
between minority and nonminority populations and high- and low- 
income groups. LOS and QOS data are not used; analysis of customer 
surveys measures perceptions rather than service delivery. 


NYCT uses all criteria because data collection is already undertaken 
routinely. For a little added effort, the analysis becomes much stronger 
by using all available data and methods. Combined analyses are more 
likely to detect disparities, pinpoint relevant issues, and permit cor- 
rective actions. Base demographic data, standards and policies, and 
actual conditions are all used. 


CASE STUDY: 2009 BUDGET BALANCE 
SERVICE RATIONALIZATION PLAN 


As part of MTA’s normal budget process, NYCT designed a budget 
gap-closing program to cover projected deficits from an economic 
downturn. The 2009 BBSRP consists of service reductions, station 
changes, and fare increases that result in the least impact for the 
smallest number of patrons: 


In response to the extremely weak economic environment and the result- 
ing severe budget gap, [NYCT] has developed several additional actions 
to achieve budget balance. . . . Total savings (net of revenue losses) of 
$167.2 million are proposed for 2008/09, $279.8 million of savings are 
proposed for [2010 to 2012]... . Every effort was made to identify 
those actions that would achieve savings while minimizing impact to 
customers. (27) 


Fare and subway route changes were proposed in the BBSRP but are 
not discussed here. 


Designing Bus Route Changes 


NYCT carefully selected the bus routes planned for reduction and 
elimination on the basis of performance criteria. All routes were 
ranked by using established performance measures: ridership, 
fare box recovery, the numbers of passengers per pay hour and 
per revenue mile, and the percentage of hours operated above the 
minimum productivity guideline at the peak load point (MLP). 
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The lowest-ranking one-third of routes were flagged for further 
examination. 

Early in this process, NYCT attached minority and income clas- 
sifications to candidate routes for reductions, allowing bus planners 
to qualitatively understand their decisions’ potential impacts without 
full demographic analyses. Routes with the worst performance were 
considered for total elimination, unless no acceptable alternatives 
existed or elimination would result in substantial reductions of 
geographic coverage. NYCT uses census data to classify routes as 
minority or nonminority. Routes having more than one-third route 
mileage in minority tracts are minority routes. All other routes are 
nonminority. 

To seek further savings, low-performing routes were further 
classified (Table 1) on the basis of possible cost-saving actions by 
limiting comparative analyses to isolate the time periods when indi- 
vidual routes performed poorly. Route-level demographic information 
allowed planners to look ahead and fully understand the conse- 
quences of proposed actions for minority and low-income patrons 
as an integral part of the decision making. 

Because NYCT employed purely performance criteria to select 
routes for rationalization, the proposals had slightly larger impacts 
on nonminority and high-income routes. This is a natural con- 
sequence of New York’s bus passenger demographic. The lower- 
income population is more reliant on buses, and higher-density 
neighborhoods accessible only by bus attract the lower-income 
population because of the cheaper real estate. Buses serving pre- 
dominantly higher-income areas (such as eastern Queens) tend 
to have lower performance and are more likely candidates for ser- 
vice reductions. From an equity standpoint, this offers an oppor- 


TABLE 1 2009 BBSAP (Local Bus) Title VI Analysis Plan 
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tunity to equalize service on performance grounds while offering 
substantial budget savings. Before budget proposals were com- 
plete, draft service plans were analyzed, complying with Title VI 
requirement for EJ analysis during the programming stages of 
service changes. 


Selection of Appropriate Analysis 


FTA impact analyses requirements apply only to major service 
changes, as ordinarily defined by each agency’s standard procedures. 
NYCT’s service change procedures define major changes as those 
that exceed at least one of three criteria (28): 


1. Route restructuring actions with at least 25% route length change, 

2. A span change of more than 1 h, and 

3. Frequency adjustments with a more than 25% change in revenue 
vehicle miles. 


FTA’s Circular C4702.1A describes only two types of analyses: 


1. For route changes, service area demographic maps and travel 
time and cost analyses are required. They apply to major service 
changes that reduce or expand frequency and add, eliminate, or 
expand routes. 

2. For span-of-service changes (span changes), analyses of whether 
the impacts of span changes disproportionately affect minority and 
low-income population are required. They apply to major changes 
reducing or expanding the hours or days of service. 


Category Service Rationalization Initiative 


Service Impact 


Title VI Analysis Methodology 


Eliminate daily service on low- 
performing local bus routes 


Local bus (major) 


Eliminate daily service on local bus routes 
that duplicate the subway 

Eliminate underutilized or duplicative 
route segments 


Eliminate weekend service on 
low-performing local bus routes 


Eliminate overnight service on 
low-performing local bus routes 


Reduce span of service on low-performing 
local bus routes 


Local bus (minor) Shorten routes that duplicate the subway 


100% revenue mile reduction 
100% revenue mile reduction 
Greater than 25% route length 


changes 


Span reduction from daily to 
weekdays 


Span reduction of more than 
1 hour—overnight 


Various span reductions of 
between 30 min and 3h 


Less than 25% change in route 


Route change analysis on the eliminated routes: 
B23, B37, B39, B51, BX14, BX20, BX34, M6, 
M8, M18, M27, M30, Q26, Q74, Q75, Q84. 

Route change analysis on the eliminated routes: 
B25, B75, BX4, M10, Q56. 

Route change analysis for the affected routes in 
the affected areas only: M9 deletion, M21 
addition, BX26 deletion, B13 deletion— 
triggered by >25% route length change. 

Span change analysis for impacted routes: 

B2, B4, B7, B16, B23, B24, B48, B57, B65, 
B69, B71, BX8 (Sunday only), BX18, BX30, 
BX33, M21, M22, Q14, Q31, Q76, Q79, S42, 
S54, S57, S60, S76. 

Span change analysis for impacted routes: 

B7, B14, B31, B45, B48, B57, B64, B65, B67, 
B77, BX10, M1, M2, M16, M22, M23, M42, 
M50, M66, M79, M96, M102, M103, M104, Q30 

Span change analysis for affected routes with 
more than 1-h span reduction: weekday: B16, 
B69, B70, B71, BX33, M11, M20, M21, S57, 
S66, B2, B4, B9, B11, B13, B16, B69, M21, 
Q42, Q79, $54, S60; Saturday: M20, M100, 
M116, B9, M20; Sunday: M20, B9, Q48. 


Not required. Route length and revenue miles 


length reduction are less than 25% for Q24. 
Extend remaining routes to replace Less than 25% change in route Not required. Route length and revenue miles 
eliminated segments length change are less than 25% for B67 and B77. 


Note: Data for standard 40-ft bus. 
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NYCT classified each proposal into FTA’s mutually exclusive 
categories for Title VI analysis using these decision rules: 


1. Route modification actions (elimination, rationalization, rerout- 
ing, extension, deletion, addition, etc.) with a >25% change in the 
route length of the longest path require a route change analysis and 
the clear identification of transportation alternatives. The changed 
portion of the route is analyzed, and the entire route is analyzed 
when the route is completely eliminated. 

2. Span modification actions (increase, decrease) causing a 1-h or 
more change in service span (including days of service modifications, 
e.g., from daily to weekdays only) requires a span change analysis. 

3. Route frequency change actions (increase, decrease) exceeding 
a 25% change in the annual number of revenue miles of the route 
require a route change analysis. The analysis applies to the portion 
of the route where the frequency changed (typically, but not always, 
the entire route). 

4. For combination actions (e.g., shortening a route and reducing 
the span while eliminating weekend service) exceeding 25% annual 
revenue miles, NYCT determined whether a span change analysis 
or aroute change analysis was appropriate, based quantitatively on 
the action having the greatest contributions to the total change in 
revenue miles. 


Table 1 shows each 2009 BBSRP option for local bus service, whether 
the changes were major or minor, and the rationale for the analyses 
selected. 


Route Change Analysis: Theory 


Route change analysis must be conducted at the census tract level to 
identify clearly the travel time and cost impacts on distinct groups 
along that route. Statistical t-tests are conducted for each route by 
comparing before—after trip times and costs for top origins and 
destinations in the route’s service area. 

All tracts within “4 mi of the route are reviewed. Separately by 
demographics, the top five origination tracts are selected from the 
2000 census journey-to-work O-D table. Within these tracts, selec- 
tion of the top three destinations yields 15 O-D pairs with heavy traf- 
fic for travel time analyses. Centroid-to-centroid trip durations are 
determined by using freely available web journey planning tools 
(e.g., Google Transit) both before and after route rationalization: 


1. In general, for departure times within the analysis time period, 
the “before” travel time is the shortest path recommended by 
Google by using the route proposed for elimination. The shortest 
path recommended without use of the route is the “‘after’’ travel time. 

2. If the shortest path is to walk between origin and destination 
tracts, the walk time is entered for both the before and the after 
scenarios. Zero ($0.00) is entered for the fare. 

3. In some cases, forcing transfers at intermediate locations yields 
reasonable paths on the subject route. Paths are rejected as unreason- 
able if they involve circuitous direction changes (e.g., bus travel south 
to return north on an express bus). 

4. Ifno reasonable path exists on the subject route (e.g., the origin 
tract is near the route’s northern terminus but the O-D pair requires 
travelers to head north; thus, every path results in going south to go 
north), then the travel time for the shortest path is valid both before 
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and after (i.e., route elimination has no impact on the largest travel 
markets in the service area). 


When all travel times and costs are populated, the changes are com- 
puted for each O-D pair. t-tests determine if significant differences 
exist across demographics. The proposed rationalization has no dis- 
criminatory impacts if trip time and cost changes are substantially 
the same between top O-D pairs traveled by different demographics 
within the route’s service area. 


Span Change Analysis: Theory 


Unlike route change analysis, span change analysis may be conducted 
at the route level to determine if span changes unfairly affect minority 
routes. NYCT conducts passenger load factor (PLF) analyses to show 
that the routes proposed for span reductions in protected demograph- 
ics are equally underused compared with the levels of use of other 
span reduction routes. Statistical t-tests are conducted separately 
for each type of span reduction action by comparing PLFs across 
demographics. Three types of action were proposed: 


1. Span reduction by hour: up to 2 h of service near the service 
day’s beginning or end is eliminated. 

2. Overnight service elimination: overnight service (1:30 to 
4:30 a.m.) is eliminated. The primary rationale for the proposed 
by-hour and overnight service span changes is low ridership (about 
4,000 riders in aggregate for all affected routes combined during 
specified time periods). This initiative primarily affects service 
between midnight and 6:00 a.m. and particularly affects overnight 
service (1:30 to 4:30 a.m.). 

3. Weekend service elimination: routes not meeting minimum 
productivity thresholds on Saturday or Sunday have their service spans 
reduced from daily to weekdays. Reductions in weekend service 
resulted from a systematic assessment that finds the lowest-performing 
and most-duplicative routes under budget-balancing constraints. 
The package would have affected 41,230 Saturday passengers and 
29,781 Sunday passengers (27). 


The subset of changes having more than a 1-h reduction qualify as 
major service changes. To analyze the proposed span changes, the 
ridership during the affected hours is gathered from a combination of 
sources and normalized for trips and onboard seats, giving average 
PLFs for the affected time periods: 


¢ Span reduction by hour. For 26 routes without overnight service, 
the observed loads are derived from the Surface Ridecheck Program, 
by which NYCT routinely monitors loads and running times with 
onboard traffic checkers for scheduling and frequency adjustments. 

¢ Overnight service elimination. For 25 routes operating at all 
times and proposed for overnight elimination, Ridecheck data are 
not available, as only 18 h (6:00 a.m. to midnight) is covered. Fare box 
data from NYCT’s MetroCard automated fare collection system are 
used instead. The inferred PLFs conservatively assumed that all 
passengers traveled past the MLP. 

¢ Weekend service elimination. For 26 routes proposed for 
complete weekend elimination and the one route (Route BX8) 
subject to Sunday elimination, composite Ridecheck and automated 
fare collection data are used to compute the average PLFs during 
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weekend operations, separately for Saturdays and Sundays, as 
appropriate. 


To determine if the span reductions were equitable, the PLFs observed 
on the affected minority routes during the proposed time periods are 
compared with the PLFs on nonminority routes. A similar analysis 
is performed for low- and high-income routes. t-tests determine 
whether significant differences exist between observed route PLFs 
during proposed span reduction periods. 


Subway Station Booth Closure Analysis: Theory 


NYCT identified potential savings in booth closures. For historical 
reasons, certain subway stations have more than one booth, which 
is a ticket office where patrons purchased tokens and gained system 
access. As automated fare control replaced tokens, booths were 
inconsistently converted to part-time kiosks, control areas with roving 
station customer assistants, and unstaffed high-volume entrance-exit 
turnstile locations. The proposal standardizes the system’ s 468 stations 
so that they each have exactly one full-service 24-h booth, with all 
remaining auxiliary entrances being converted to unstaffed locations. 

The booth closure analysis is conducted for each booth. Booths 
might be thought of as customer service facilities; to determine if 
closures disproportionately affect certain neighborhoods, ?-tests 
are conducted on the systemwide booth data set. Although it is not 
explicitly required by FTA, NYCT historically conducted booth 
closure analyses. An example analysis follows. 


WORKED EXAMPLES 
Booth Closure Analysis (Income 2-Test) 


The booth closure analysis determines whether the proposed reductions 
are discriminatory to the low-income population (those with incomes 
at or below the poverty level). All 638 booths (at 468 stations) were 
classified as either low or high income. Low-income booths are 
located in or adjacent to low-income census tracts (tracts where the 
low-income population exceeds 21.25%); all other booths are high 
income. The 185 booths proposed for staffing reductions are indicated. 

x°-tests (Table 2) were performed to see if statistically significant 
differences in booth staffing elimination proposals exist. With a 5% 
error margin, 95% confidence level, and 1 df, the x?-critical value 
is 3.84. The x7-value computed from the booth data set is 4.26. 
Because 4.26 is greater than 3.84, NYCT concluded that high-income 


TABLE 2 Statistical y?-Test Example for 2009 Proposed Station 
Booth Staffing Elimination (Calculated x®-Value = 4.26) 


Low- High- 
Income Income Total 
Booths proposed for staffing elimination 83 102 185 
Booths not proposed for staffing 244 209 453 
elimination 
Total booths 327 311 638 
% of booths proposed for staffing 25 33 29 
elimination 
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areas are significantly more adversely affected by proposed staffing 
reductions than low-income neighborhoods. 

However, this disparity is compliant with Title VI and EJ 
requirements. FTA’s Circular C4702.1A specifically permits ser- 
vice adjustments that result in impacts to nonprotected demo- 
graphics more adverse than impacts to protected low-income or 
minority populations: “‘an agency should analyze if any proposals 
under consideration would have a disproportionately high and 
adverse effect on below or at poverty and low-income riders” (5). 
Even with these higher adverse impacts on affluent neighbor- 
hoods, transit access is maintained. At all stations proposed for 
booth closure, at least one booth would remain open at all times, 
either at a different entrance or at an adjacent station that provides 
a free transfer passageway. 


Bus Load Factor Monitoring (Minority t-Test) 


Service scheduling standards set maximum bus crowding levels. 
The observed crowding may differ from tolerable standard levels 
because of planning concerns or service delivery deficiencies. t-tests 
determine if crowding is equitably distributed between minority and 
nonminority routes. The numbers of riders traveling at the MLP in the 
peak direction during peak hours are recorded in NYCT’s Ridecheck 
Program. This measured quantity is normalized for bus frequency and 
vehicle size to produce average PLFs that are equally weighted for 
each route. The t-statistic compares PLF averages and variances by 
demographics to determine whether significant differences exist. 
Statistical comparisons are made at the route level. Comparison of 
bus PLFs by census tract is not meaningful, because bus crowding 
is experienced at MLP (the bus’s most crowded location along the 
route) and not necessarily where passengers board. 


Standards 


NYCT’s bus loading standards are complex and nonlinear. Figure 2 
shows loading guidelines for standard 40-ft buses, defined by min- 
imum and maximum average MLP loads per trip. Guidelines are 
dependent on the time period (peak or off peak), service characteris- 
tics (more crowding is tolerated on feeders because MLPs occur close 
to route terminals), and bus type. NYCT schedulers use Figure 2 for 
frequency determination, looking up required service frequencies 
by using the number of riders passing the MLP in a given half-hour 
period. 


Data Collection 


The NYCT Ridecheck Program routinely collects the number of 
riders passing the MLP in a given half-hour period, with its main 
purpose being schedule and frequency recalibration. Weekday checks 
are normally completed for every route biannually. However, during 
scheduling, operational or community concerns may require planners 
to override loading guidelines. Service frequencies may exceed 
guidelines on very short routes on which a single assigned bus 
provides better headways than buses that arrive every half hour. On 
long routes with little demand, policy headways may require service 
every half hour, even though the loads would not justify it. Actual 
service plans may thus deviate from loading guidelines. Bus PLF 
monitoring statistically shows that planning considerations do not 
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Grid Routes 
leekday Peak: 7am-9am, 4pm-7pm 
Per Half-Hour 


Min Max 
20 35 
36 53 


Per Trip 


Per Half-Hour 


Min Max Min Max 
20 35 20 35 
i 24 35) 36 63 


53 


Feeder Routes 


Per Trip 


Min Max 
20 35 
: 24 42 


FIGURE 2 Extract from NYCT surface transit loading guidelines used for frequency (headway) 
determination in scheduling process (min = minimum; max = maximum). 


inadvertently create more overcrowding in some neighborhoods 
than others. 


Normalization and Weighting 


Standards are converted from Figure 2 to route-specific guideline 
PLFs (appropriate maximum permissible average loads divided by 
nominal bus seating capacity: 40 seats for a standard bus, 62 for an 
articulated bus, and 57 for an express bus) for comparative analysis. 
The average number of riders per trip passing MLPs during the 
morning peak are computed from the observed numbers of riders 
and bus trips and then converted to actual PLFs: the average number 
of riders per trip divided by bus capacity. 

The average peak PLF measures the fraction of standees: a PLF of 
1.00 indicates that every seat has one passenger and every passenger 
has a seat at MLP. A PLF of 0.80 means that 20% of the available 
seats are empty. If PLFs are more than 1.00, buses are carrying more 
passengers than available seats, and a PLF of 1.50 indicates that half 
as many passengers as the number seated are standing. 

Essentially, observations are normalized for variables that differ 
between routes, such as headway and bus size, and are converted 
to a crowding measure: the route average peak PLF. Each bus 
route has equal weight, demonstrating route-by-route parity. Guide- 
lines actually permit PLFs to exceed 1.00 considerably during peak 
periods (Figure 3) on busy routes like Route M16/34 (34th Street 
Crosstown, a short shuttle linking commuter bus and rail terminals 
with Manhattan’s East Side). 


Statistical Test 


This analysis uses f-tests to compare measured quantities on the 
basis of each borough. Figure 3 shows the Borough of Manhattan as 
an example. Differences between guideline (Figure 2) and actual 
PLFs are compared for each route to determine whether deviations 
from the guidelines are skewed toward any specific groups (and not 
whether NYCT schedules exactly to the guidelines) in a statistically 
significant manner. The PLFs of the other boroughs are tabulated 
and tested similarly. 

Overall average allowed guideline PLFs are 1.28 for minority 
routes and 1.31 for nonminority routes for this data set; actual PLFs 
are 0.95 and 1.02, respectively. The average differences were 0.33 
(variance, 0.02) for minority routes and 0.29 (variance 0.01) for 
nonminority routes. By using a two-tailed hypothesis test with a 5% 
error margin at a 95% confidence level, the resulting t-statistic is 
0.98 and the ¢-critical values are +2.03. Because —2.03 is less than 
0.98 and because 0.98 is less than +2.03, no statistically significant 
differences in the average PLFs of local bus service provided to minor- 
ity and nonminority groups in New York County during morning 
peak hours exist. 


USE OF STATISTICAL ANALYSIS 


As long as source data can be treated as distributions of discrete 
observations or quantitative measurements, statistical tests can be 
used to discern differences between populations. Title VI and EJ 
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Borough of Manhattan 


Route Name 


5 Av - Madison Av 

5 Av - Madison Av - Upper 7 Av 
5 Av- St Nicholas Av 

5 Av - Madison Av - Upper Bway 
Lenox - Columbus - 6/7 Avs 
Avenue B & E Broadway 

7/8 Avs - Central Pk W 

14 St Crosstown 

Convent Av 

Madison St & Chambers St 
Harlem - Wards Island 

Harlem - 125 St- LaGuardia 
Washington Hts - 3 Av - Lex Av 
125 St - Amsterdam Av - Bway 
3 Av - Lex Av - Amsterdam Av 
3 Av - Lex Av - Lenox Av 

3 Av - Lexington Av 

106 St Crosstown 

116 St Crosstown 

5/6 Avs - Riverside Dr 
Broadway - 6 Av 

8/9 St Crosstown 

9/10 Avs - Amsterdam Av 

1/2 Avs 

34 St Crosstown 

7/8 Avs - Battery Park City 
Houston St - Avenue CY 

23 St Crosstown 

49/50 Sts 

§7/72 Sts Crosstown 

York Av - 57 St 

42 St Crosstown 

57 St Crosstown 

66/67 Sts Crosstown 

72 St Crosstown 

79 St Crosstown 

86 St Crosstown 

96 St Crosstown 

Broadway - 42 St 
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Guideline 
Avg. Load 


Riders Load 
Riders Trips  /Trip 


Actuals 


Riders Load | Factor 


Factor | /Trip Factor 


Note: Shaded area (lower half) indicates non-minority routes (Artic Bus = articulating bus). 


FIGURE 3 Extract of Manhattan's peak-hour PLF minority t-test data. 


analyses form an integral part of NYCT service planning decision 
making to inform and assist NYCT with serving all groups equally 
(Table 3). 

When statistical tests are used, the correct tests must be applied, 
standards must be defined, and appropriate measurements must be 
selected (correctly normalized and weighted) to determine differences 
between demographic groups. Corrective action would be taken when 
and if disparities resulting in significantly more negative impacts to 
protected groups are found, according to FTA’s Circular C4702.1A. 


CONCLUSIONS 


Through statistical analysis, NYCT demonstrated in Title VI triennial 
submissions that its service planning processes and service delivery 
meet all FTA civil rights and EJ requirements, as dictated in FTA 
Circular C4702.1A. 


By incorporating demographic information into service reduction 
planning, NYCT evaluated potentially discriminatory impacts 
on protected demographics at the programming stage. The use of 
performance-based criteria for route selection resulted in few impacts 
on heavily minority or low-income routes. 

New York is a racially diverse city, as inferred by the high per- 
centages of members of minority populations in all boroughs except 
Staten Island. Providing service without significant disparities poses 
unique challenges in such a metropolis. Community issues, whether 
or not they are racially related, constantly arise in all neighborhoods 
throughout the city. NYCT’s goal is to provide good service in all 
areas without regard to demographics. When service reductions are 
necessary, NYCT endeavors to minimize negative impacts in all 
neighborhoods, taking particular care not to affect minority areas 
disproportionately. 

Although the Civil Rights Act was enacted in 1964, the struggle 
for equality and a better quality of life by minorities is an ongoing 


TABLE 3 NYCT's Use of Statistical Tests for Title VI Locally Developed Alternative Equity Analysis 
Pea a OE EAE TI NESE RENE RENARD Reid SE ee 


Category Service Attribute Standard Data Source Analysis Unit Normalized Variable(s) Stat. Test” 
NN ee 
Level of service (LOS) Level of crowding Loading standards (bus Bus ridecheck program (leave Bus route or subway line _—_ Load factor (volume-to-capacity ratio) t-test 
and rapid transit) load at peak load point); 
subway load checks 
Headway of service Headway guidelines (bus Bus and subway schedules Bus route or subway line | Average headway (peak and midday) t-test 
and subway) 
Service punctuality Wait assessment Performance indicators 42 key bus routes; Percentage of passing intervals t-test 
program (surface and rapid) 23 subway lines 
Subway station Station design guidelines | Passenger environment survey Subway station Pass—fail for each standard (passenger informa- —_-test 
amenities tion center, bench seating, farecard vending 
machine, train annunciator, trash can, 
system map) 
Service availability Industry standard (maxi- Route map and Census data Census tract Walking distance to nearest subway t-test 
(transit access) mum /-mile walk) station or bus stop 
Vehicle assignment Bus and subway assign- Bus assignment data by depot; Depot or line Average age of buses in depot; average age of _—r-test 
ment standard subway assignment data trains on line 
by line 
Quality of service (QOS) Travel time, transfers, | Equal between origins Google transit; bus and subway Census tract Average peak hour travel time, transfers, cost t-test 
cost per trip, and by demographics for route map; fare information per trip, and cost per mile 
cost per mile top three destinations 
Analysis of customer Transit opinion survey  Equalaveragesbydemo- Transit opinion survey Each survey returned Perception of speed, sense of security, reliabil- _ t-test 
survey (ACS) graphic ity, safety, comfort, value for money, service 
frequency, predictability, cleanliness, and 
crowding—ranked on a 0-10 scale 
Fare and route change Route change impacts Equal cost and trip time Google transit; fare information Census tract Average peak hour and midday travel time, t-test 
analysis for major service impacts for all demo- and cost per trip 
changes graphics 
Span change impacts Equal load factors on Ridecheck program, automated —_ Bus route Average load factor during the period when t-test 
for major service routes subject to span fare collection (AFC) data route is subject to span reduction 
changes elimination for all 
demographics 
Fare change impacts Equal average fare Aggregate AFC data; ridership Bus route and subway Average fare by demographic group by station _—t-test 
for fare increases changes for all demo- and fare model station or route 
graphics 
Impacts of booth Equal impacts for all Booth unstaffing plan Subway booth (fare Pass—fail—whether the booth is subject to x?-test 
unstaffing demographics control area) destaffing actions 


“Statistical test is either a t-test or a X’-test. t-test is used where measured values are numbers. X’-test is used where results are yes—no or pass-fail. 
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process. Today’s legal framework incorporates protection for the rights 
of minorities, those suffering from poverty, and persons with LEP. 
As transit agencies work toward providing better service for all, 
these provisions will ensure that federally funded improvements are 
distributed in a fair and equitable manner. 
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How Does Ignoring Worker Class Affect 
Measuring the Jobs—Housing Balance? 


Exploratory Spatial Data Analysis 


Mark VW/. Horner 


The theoretical minimum commute is a well-studied measure of the 
jobs-housing balance that summarizes the relative proximity of workers 
to workplaces for a given urban region. It is often used in a comparative 
context to determine changes in aggregate spatial structure and trans- 
port behavior over time and space. In the literature, a basic question 
remains: What are the measurement impacts of assuming worker inter- 
changeability and therefore ignoring socioeconomic status in computing 
theoretical minimum commutes? This paper presents an exploratory 
spatial data analysis of this disaggregation issue. A modeling framework 
that synthesizes disaggregate socioeconomic data for a metropolitan area 
is designed. These synthesized data are then analyzed to gain a sense of the 
error potential in the theoretical minimum commute calculation when 
worker class is ignored. The results show that ignoring worker class can 
substantially affect estimates of the jobs—-housing balance. 


The theoretical minimum commute is a well-studied measure of the 
jobs—housing balance that summarizes the relative proximity of 
workers to workplaces for a given urban region (/—4). It is often used 
in a comparative context to determine changes in spatial structure 
and transport behavior over time (5, 6) and space (7). Conceptually, 
the theoretical minimum commute represents the minimum amount 
of effort required to transport workers to job locations for a given 
region (8). The actual commute in a region is always greater than its 
theoretical minimum, and understanding the extent to which these 
metrics deviate from one another was an early thrust of the literature 
(7). More contemporary research has focused on developing the the- 
oretical minimum commute as an indicator for understanding land 
use—transportation relationships (/, 5, 9-11). 

Calculation of the theoretical minimum commute requires that a 
number of simplifying assumptions be made. Among these, perhaps 
the most questionable is the assumption of worker homogeneity or 
interchangeability (/0, 12). Making this assumption when the theo- 
retical minimum commute is calculated allows the procedure to ignore 
the type of worker (e.g., professional, service, or military) and allo- 
cate that worker to any type of job location regardless of his or her 
qualifications. Thus, rather than being a weighted average of various 
worker groups’ minimum commutes, the aggregate theoretical min- 
imum commute is based on the reallocation of a homogeneous bloc 
of undifferentiated workers (10). 
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Despite the conceptual and other possible shortcomings of this 
aggregation approach, one finds that the assumption is made quite 
frequently in the literature (5, 7). In fact, the reasons for not construct- 
ing analyses controlling for worker type (or other socioeconomic 
identifier) may be quite justifiable, such as a lack of available worker 
and jobs data disaggregated by worker group or the complexity 
imposed by using disaggregated data to compare theoretical minimum 
commutes across multiple cities. A basic question remains, however: 
what are the impacts of assuming worker interchangeability and 
therefore ignoring socioeconomic status in computing theoretical 
minimum commutes? Although some examples of jobs—housing 
measures computed in a more disaggregate form have been pro- 
vided (9, J0, 12, 13), there is generally no systematic computational 
exploration of this question in any formal arena. Put more pragmat- 
ically, what are the possible consequences of ignoring worker type 
when the theoretical minimum commute is computed? The balance 
of limited evidence suggests that ignoring worker type underestimates 
the theoretical minimum commute (/0), but additional analysis can 
help inform the chances for error in these calculations. As current 
research in the jobs—housing literature considers ways to transition 
these metrics into greater policy relevance (2, 4, 5, 14), additional 
methodological guidance may be useful to transport researchers 
and planners interested in the application of these and related 
jobs—housing metrics to spatial data. 

This paper presents an exploratory spatial data analysis of the 
worker disaggregation question in the context of computing theo- 
retical minimum commutes. A modeling framework is designed to 
explore this issue by synthesizing disaggregate data for a metropol- 
itan area. These synthesized data are then analyzed to gain a sense 
of the error potential in the theoretical minimum commute calcula- 
tion when worker class is ignored. The results are discussed in light 
of the implications for measuring the jobs—housing balance by using 
the theoretical minimum commute. The paper closes with a discus- 
sion of the results and suggestions for additional research. The focus 
of the paper is strictly an examination of worker disaggregation and 
its implications for the theoretical minimum commute estimation. 
Those interested in additional background on excess commuting, the 
jobs—housing balance, and debates on the merits of related concepts 
and methodologies are referred elsewhere (3, 7, 10, 14, 15). 


CONCEPTS 


Given concerns about needing to guide transportation systems to 
more sustainable futures, there is great interest in decoupling the 
relationships between land use and transportation (16-22). Journey- 
to-work transportation, or commuting, has been widely explored in 


58 


this context, owing to its substantial share of daily urban travel 
(~20% in many areas) (15). Many have asked whether the intermix- 
ing, balance, and accessibility of job locations with respect to work- 
ers’ residences play a large role in shaping urban commuting patterns 
(2, 23-26). Within these broad debates, one particular strand of lit- 
erature has looked at the relationships between a city’s theoretical 
minimum commute and its observed level of commuting (2, 6, 8, 10, 
27-29). Although the observed commute is given by data, the theo- 
retical minimum commute is a special organization of the commuter 
flow pattern between residences and workplaces that results in the 
least possible amount of overall transportation (2, 28). In earlier lit- 
erature, these two values were compared in either absolute or rela- 
tive terms to determine “excess commuting,” which is the amount 
by which the actual or observed commuting in a city exceeds its 
theoretical minimum (/0). The most widely accepted method of 
estimating a region’s theoretical minimum commute is based on a 
linear optimization procedure known as the “transportation problem” 
(5, 9, 28). The transportation problem for estimating the theoretical 
minimum commute, 7,, is 


minimize (T,) 


T, =r (1) 
i=1j=1 

subject to 

yay =D; Wf = Lysyeia git (2) 

i=l 

5 =O,  Balesst (3) 

fet 

x20 Wij (4) 

where 


n = number of origin zone locations, 
m = number of destination zone locations, 
O; = total number of workers residing in zone i, 
D, = total number of jobs located in zone j, 
cy = travel costs between zone i and zone j, and 
xj = decision variable tracking the journey-to-work trips from 
zone i to zone j. 


The objective (Equation 1) is to minimize total transportation costs by 
allocating commuter flows, which are tracked by x; (7, 30). The aver- 
age commute may be calculated by dividing Equation 1 by the total 
number of commuters in the study region. The constraints in Equa- 
tion 2 require that all unmet demand for workers at job locations be 
filled, and the constraints in Equation 3 ensure that all commuters 
depart their home area to go to a workplace. The constraints in 
Equation 4 limit the decision variable, x, to nonnegative numbers, 
such that commutes occur between zonal locations or they do not. 
The variables c, express the transport costs of commuting between 
zonal pairs. In the literature, they have been represented as network 
distances or times, as well as by straight-line distances between 
zones (7). 

In the more recent literature, the theoretical minimum commute 
has been decoupled from the concept of excess commuting and has 
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been demonstrated to be an insightful indicator of the jobs—housing 
balance in a city (/, 3, 12). The lower that the value of 7, for a given 
city is, the more balanced or accessible jobs in that city are to its res- 
idents (9, 10). For example, suppose that the overall jobs—housing 
balance in City V is to be compared with that in City Y. The theo- 
retical minimum commute in City V is 3.5 mi, whereas the theoret- 
ical minimum commute in City Y is 4.25 mi. Interpretation of these 
statistics would be that City V has a better jobs—housing balance 
because it produced a lower T,. Perhaps unsurprisingly, then, the the- 
oretical minimum commute has been useful in comparative transport 
studies that need assessments of land use balances over time and 
space (3, 5). 

Researchers make many assumptions that limit the scope of the the- 
oretical minimum commute in Equations 1 to 4 to operationalize it, 
given available transport and land use data, computational limitations, 
and so forth (7). One key assumption that is often made when this for- 
mulation used is that commuters are interchangeable among all job 
types. That is, if a given zone has 1,000 jobs contained within it, any 
commuter from elsewhere in the region may be called on by the model 
to fulfill these jobs, regardless of the types of these jobs or the skills of 
the workers. Many have recognized the potential for worker—job mis- 
matches in assignments made by the model and have suggested dis- 
aggregating worker O; and job D; counts by employment classes and 
solving separate transportation problems (7, 9, J0, 12). The results 
show that the theoretical minimum commute, calculated on a per work 
group basis, will differ from the aggregate value by a wide margin. 
O’Kelly and Lee, for example, show that although the aggregate min- 
imum commute is 2.17 min in Boise, Idaho, the values disaggregated 
by worker type range from 0.95 mi (private household occupations) to 
3.58 mi (armed services personnel) (12). 

Unfortunately, ignoring worker—job mismatches and assuming 
worker interchangeability seem to understate the theoretical minimum 
commute by some amount. Horner’s analysis of Wichita, Kansas, 
shows that the 1990 aggregate theoretical minimum commute is 
3.57 mi on the basis of data from the Census Transportation Planning 
Package (CTPP), Parts 1 and 2 (/0). When a weighted average of the 
theoretical minimum commutes is taken for the 14 worker classes 
analyzed, this produces an overall theoretical minimum commute of 
3.75 mi [the total number of miles for males and females in Table 4 
in that work (/0) summed (831,091.73) and divided by the total num- 
ber of regional commuters (221,954)]. Comparing these two figures 
shows an underestimate of the theoretical minimum commute by 
about 4.5%. One would expect that in general the aggregate theoreti- 
cal minimum commute would be an underestimate of a disaggregate 
theoretical minimum commute because, in the aggregate, the model 
is freer to make commuter allocations that result in lower overall 
transport costs, according to Equation 1. As an exception, Man- 
ning’s analysis of disaggregate commuting data for London sug- 
gested very little, if any, gain in the theoretical minimum commute 
when disaggregation is not performed (/3). 

All told, the data for Wichita suggest the potential for the theoreti- 
cal minimum commute to be underestimated when it is based on aggre- 
gate data (/0). Notwithstanding this single analysis, it would be helpful 
to estimate a range of possible error outcomes in the theoretical mini- 
mum commutes associated with assuming worker homogeneity. As it 
is well known, the urban employment structure is constantly changing 
and the locations and characteristics of the employed population are 
always in flux (37). New distributions of workers and jobs could be 
created by simulating changes in the urban employment structure that 
would allow assessment of the robustness of the theoretical minimum 
commuting statistic. 


Horner 


METHODS 


Many potential approaches could be taken to explore the effect of 
the worker homogeneity assumption on the theoretical minimum 
commute. One path would be to calculate both the aggregate and the 
disaggregate theoretical minimum commutes for a sample of cities 
and examine the extent to which they deviate from one another. As 
previously discussed by Horner (10), these two figures diverged by 
about 4.5% in Wichita, Kansas, on the basis of an analysis of the 
1990 CTPP data. The idea, then, would be to repeat the same calcu- 
lations for a series of other cities. Such an analysis would provide 
some empirical evidence of the assumption’s impacts. However, 
one may take a more scientific tact and seek to ascertain the possi- 
ble worst-case impacts of ignoring worker types when calculating 
the theoretical minimum commute. That is, given an aggregate the- 
oretical minimum commute calculation that ignores worker type, 
what is the extent to which a disaggregated theoretical minimum 
commute calculation might deviate from it? 

An experiment is designed to explore this situation. Given a set of 
aggregate workers (O,) and a set of jobs (D;) recorded by zone for a 
region, with the property that the total regional number of workers 
and jobs are the same, XO; = XD,, suppose that commuters could be 
divided into k possible worker classes. These are noted as workers 
Ox and jobs Dj. In the case of the previously published Wichita 
analysis (0), k was equal to four groups. The experiment allows the 
creation of synthetic data sets Oj, and Dj, consisting of k user-specified 
classes that may be used to estimate hypothetical theoretical mini- 
mum commutes. A given synthetic data set adheres to the properties 
that 2,0}, is equal to O; and XD, is equal to D;. 

Any number of synthetic data sets can be generated from a 
region’s corresponding aggregate data. Two distinct procedures are 
used in this regard. Both of the procedures begin by randomly divid- 
ing up the total number of workers in a region, 2,O,, into k commuter 
groups, G;, where &,G, is equal to &,O;. Thus, if 10 commuter groups 
are to be created and the study region has 100,000 commuters, the 
procedure will randomly distribute these commuters across the k 
groups, G, subject to preserving the original number of regional 
commuters, 2,O;. On the jobs side, the identical calculation is per- 
formed. Once these worker and job group totals are populated, then 
it is a matter of creating the disaggregate worker and job vectors 
that will be used as input to the transportation problems for finding 
the theoretical minimum commute. 

The first procedure applies a proportionality rule and is illustrated 
for the workers calculation. The following formula is used: 


Oy = Loe 6) 
20, 


In Equation 5, disaggregated worker class (O;,) data are constructed 
such that zones with more workers (O,) will have more of their aggre- 
gated workers allocated to larger worker groups (G,). The identical 
calculation is made for the jobs and employment side of the problem 
with all the appropriate notational substitutions. This is referred to as 
the proportional allocation (PA) method. 

The second procedure determines O, via an algorithm that ran- 
domly distributes commuters across worker classes and zones. If Ox, 
is viewed as a matrix, the algorithm randomly selects cells and fills 
them with the value of their corresponding O; or G,, whichever is 
smaller. Tracking variables account for the appropriate reductions in 
O; and G, for accounting purposes; reductions that are made as 
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nonzero integers are added to O;. The algorithm terminates when the 
workers in each zone have been allocated across groups and all worker 
group G, totals are consistent with the allocated number of workers in 
each group (2;O,). The identical steps are applied with the appropri- 
ate data to determine D,,. This is referred to as the random allocation 
(RA) method. 

Comparing the two procedures in terms of the synthetic data that 
they create and, again, viewing O, as a matrix, Procedure 1 (PA 
method) will make for a smoother pattern in O,. Basically, it will re- 
create the spatial distribution of workers and jobs that existed in the 
base cases O;, but in numbers proportional to the appropriate synthe- 
sized totals G,. Theoretical minimum commutes calculated for PA 
method-derived data will essentially mirror those of the base aggre- 
gate case; the PA approach can be used to hold the worker or job dis- 
tribution constant. Procedure 2 (RA method), however, will result in 
a much sparser pattern in O,. The algorithm works by placing the 
largest possible values in O;, to exhaust O; quickly. For a given zone, 
this means that one worker class k is typically allocated all of its 
workers and there is little or no distribution across worker classes. 
Thus, Procedure 2 seeks to represent a true worst-case scenario in 
which individual zones do not have a variable distribution of worker 
types and tend to be internally homogeneous but may differ substan- 
tially from their spatial neighbors, which will tend to contain work- 
ers and jobs of a type different from their own. In short, use of a 
combination of these two procedures allows a range of theoretical 
minimum commutes to be explored. 


DATA DESCRIPTION 


The exploratory analysis is conducted on the basis of the 1990 CTPP 
data for Wichita. It contains counts of workers and jobs for the Wichita 
metropolitan statistical area by traffic analysis zone (TAZ). Additional 
discussion of the data characteristics are provided elsewhere (JO, 12). 
A map of the study area is displayed in Figure 1, which shows worker 
and job counts. TAZ data are fairly spatially disaggregate in scale and 
are routinely used in jobs—housing studies (3, 7, 9). In the case of 
Wichita, 221,954 workers are distributed across 290 TAZs. 

This particular data set was chosen because it has been analyzed 
extensively elsewhere in the literature (3, 10, 12). These data are of 
a historical nature, as a newer version of the CTPP has been released 
(5). However, because the purpose of this research is to explore the 
homogeneity assumption rather than analyze Wichita’s spatial 
structure per se, use of the older data is not problematic. Moreover, 
analysis of these data will facilitate comparisons between the results 
of this analysis and the previously published statistics. 


COMPUTATIONAL ENVIRONMENT 


The TransCAD geographic information system (GIS) was used to 
manage the spatial TAZ data on workers (O;) and jobs (Dj), as 
well as to perform the distance calculations to be used as repre- 
sentative costs in the theoretical minimum commute calculation 
(c,;). The author wrote custom code in C++, which implements the 
previously described data synthesis procedures (PA and RA meth- 
ods) and solves transportation problems (Equations 1 to 4) to esti- 
mate the corresponding theoretical minimum commutes. The 
transportation problems are solved by using calls to external opti- 
mization software (CPLEX). The code works by reading in the 
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original aggregated spatial data, creating the synthetic disaggre- 
gate data, and solving the corresponding transportation problems. 
The user of the code is able input the number of worker classes k 
into which the data will be divided, the method of disaggregate 
data creation (i.e., proportional or random), and the number of 
disaggregate data sets to be created and analyzed. To illustrate, if 
Wichita’s workers are to be split into 10 classes and 50 different 
theoretical minimum commutes are to be estimated, executing the 
code would create 500 individual transportation problems to be 
solved in total. 


RESULTS 


A set of experiments was created and run with the base 1990 
Wichita data. Synthetic theoretical minimum commutes were gen- 
erated for k equal to 3, 5,7, 10, 14, 18, and 24 worker classes on the 
basis of all possible combinations of the PA and RA methods of 
worker and job data creation. In one set of runs, both workers and 
jobs data are estimated by the PA method. This is followed by a set 
of runs in which the workers are estimated on the basis of the RA 
approach and the PA method is applied to jobs, then the reverse case 
(PA method for workers, RA method for jobs), and finally, the case 
in which workers and jobs are both randomly allocated (RA method). 
It is noteworthy that the theoretical minimum commutes reported 
for a given k and allocation approach (PA or RA method) represent 
the results of averaging 100 individual synthetic theoretical mini- 
mum commute calculations. Each of those individual synthetic the- 
oretical minimum commute calculations is based on the weighted 
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average of theoretical minimum commutes computed for each of the 
k worker groups. All results are reported in miles, as the underlying 
transportation costs between zones are measured as straight-line 
distances between zones on the basis of GIS calculations. Although 
it is almost always preferable to use a network-based metric in the- 
oretical minimum commute calculations (7, 32), prior work used 
the straight-line distance (10, 12), so the same approach is taken 
in the present research to ensure comparability in the results. The 
results of all model runs, including descriptive statistics, are reported 
in Table 1. 


Allocate Both Workers and Jobs by PA Method 


The results of synthesizing worker and job locations by the PA 
method produced theoretical minimum commutes averaging about 
3.57 mi. Slight deviations from this (because of rounding in the ran- 
domization process) were reported for each worker class division. 
This set of runs essentially reproduces the base (not-synthesized) 
theoretical minimum commute of 3.57 mi reported earlier. This 
result occurs because the PA procedure holds the relative spatial dis- 
tribution of workers consistent across zones, whereas the absolute 
number of workers in each worker group G will vary depending on 
the model run. These results demonstrate that the PA approach 
works as expected: it creates worker or job vectors divided among 
the selected number of worker classes, which preserves the original 
spatial nature of the data. This procedure is used in future runs to hold 
either workers or jobs constant and focus on random reallocations of 
the respective counterpart. 


TABLE 1 Results of Theoretical Minimum Commute Simulations 
3 Classes 5 Classes 7 Classes 10 Classes 14 Classes 18 Classes 24 Classes 
Jobs (PA) 
Workers (PA) 
Mean T, 3.569 3.569 3.568 3.568 3.568 3.567 3.567 
Min. T, 3.567 3.566 3.565 3.565 3.565 3.562 3.562 
Max. T, 3.570 3.572 3.571 3.571 3.572 3.572 3.572 
SD T, 0.001 0.001 0.001 0.001 0.001 0.002 0.002 
VT, 0.022 0.028 0.034 0.040 0.038 0.050 0.050 
Workers (RA) 
Mean T, 3.822 4.050 4.218 4.439 4.698 4.901 5.182 
Min. T, 3.702 3.920 4.031 4.283 4.486 4.671 5.003 
Max. T, 4.018 4.291 4.367 4.695 4.895 5.147 5.426 
SD T, 0.052 0.072 0.066 0.078 0.080 0.093 0.080 
VT, 1.348 1.786 1.575 1.746 1.695 1.899 1.542 
Jobs (RA) 
Workers (PA) 
Mean 7, 3.941 4.226 4.419 4.674 4.918 5.115 5.353 
Min. T, 3.685 4.005 4.073 4.396 4.534 4.837 5.130 
Max. T, 4.247 4.505 4.701 4.930 5.263 5.428 5.627 
SD T, 0.099 0.115 0.113 0.120 0.136 0.109 0.112 
VT, 2.509 2.714 2.558 2.578 2.761 2.137 2.089 
Workers (RA) 
Mean T, 4.161 4.583 4.808 5.168 5.550 5.771 6.119 
Min. T, 3.852 4.236 4.389 4.815 5.061 5.330 5.712 
Max. T, 4.531 4.970 5.255 5.681 6.159 6.190 6.602 
SD T, 0.150 0.167 0.172 0.163 0.186 0.178 0.180 
VT, 3.595 3.640 3.576 3.149 3.346 3.091 2.941 


Note: Each set of reported statistics for a given worker class size and allocation method (PA or RA method) represents the average of 
100 simulations. Values are in miles. Min. = minimum; max. = maximum; V=coefficient of variation; SD = standard deviation. 
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Allocate Workers by RA Method and Jobs 
by PA Method 


When worker location data are constructed by the RA procedure and 
the job location data are held constant (PA procedure), changes in 
the theoretical minimum commutes compared with those at the base 
level are reported. At k equal to three worker classes, the average 
of the 100 synthetic theoretical minimum commutes is 3.822 mi. 
Increasing k to 14, which is the number of worker classes in the orig- 
inal CTPP data, increases the average T, substantially to 4.698 mi. 
This is more than a 31% increase over the aggregated theoretical 
minimum commute of 3.57 mi. At k equal to 24, the average theo- 
retical minimum commute is 5.182 mi. Interpreting these results 
indicates that disaggregate reallocations of the data result in larger 
theoretical minimum commutes. 


Allocate Workers by PA Method and Jobs 
by RA Method 


By reversing the allocation procedure from that used in the prior 
set of runs and thus holding worker location constant, much of the 
same trend appears. These model runs also produce theoretical 
minimum commutes that are much longer than the aggregated 
counterpart. Comparing these set of model runs to the prior, reversed 
set (workers allocated by the RA method, jobs allocated by the PA 
method) it is interesting that application of the RA strategy to jobs 
results in larger overall average theoretical commutes across all 
worker class divisions. In fact, comparing these two subsets of 
data in Table 1, the average theoretical minimum commutes typi- 
cally appear to be about 0.2 mi longer in most cases. This finding 
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of larger theoretical commutes when jobs are randomized (RA 
method) is due to the original spatial structure of the jobs loca- 
tions, which appear to be more clustered than the worker locations 
(Figure 1). The random disaggregation of jobs in these large employ- 
ment zones has the potential to generate theoretical minimum com- 
mutes slightly longer than those in the prior runs, in which workers 
are randomly disaggregated. 


Allocate Both Workers and Jobs by RA Method 


Applying the RA approach to both workers and jobs produced com- 
mutes with the largest deviations from the aggregated theoretical 
minimum commute. Once again, the greatest average theoretical 
commutes are found for the synthetic data generated for the most 
worker classes (k = 24). The average value of 6.119 mi is more than 
71.11% over the base level of excess commuting, with the maxi- 
mum value found in these runs being about 6.602 mi. It is also worth 
noting that the most variable average theoretical minimum com- 
mutes were found in this set of runs, as measured by calculation of 
the coefficient of variation (the standard deviation divided by the 
mean). To get a better idea of the level of variation across the results, 
k can be held equal to 14 and the full range of solutions generated 
by the synthesis method combinations can be compared. Figure 2 
plots all 100 solutions for the simulations obtained by each of the 
RA-PA, PA-RA, and RA-RA methods. The solutions obtained by 
the PA-PA method are not plotted because there is no meaningful 
variation in those tests. The visual in Figure 2 conveys the fact that 
both the mean synthesized theoretical commute and the variability 
in the theoretical minimum commute outcomes increase as one 
moves toward the RA of both workers and jobs (RA—RA method). 
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DISCUSSION OF RESULTS AND IMPLICATIONS 


As intuition suggests and as the results presented here have confirmed, 
disaggregating worker data into finer groupings (i.e., increasing the 
values of k) tends to produce theoretical minimum commutes much 
larger than those that would be seen in the base aggregate case. 
Because the transportation problem used to find the minimum com- 
mute is an optimization procedure, adding the extra consideration of 
worker type to the basic analysis restricts its ability to find more effi- 
cient solutions (i.e., theoretical minimum commutes are shorter). Dis- 
aggregation simply makes it harder to find efficient solutions because 
worker—job type must be accounted for. 

The implications of these results are that disaggregation of the data 
into the most possible classes is likely to yield the most representative 
results. Similar indications about the role of spatial disaggregation and 
scale have been made (33). However, before worker data are disaggre- 
gated into 10s of classes in future analyses, the results do suggest some 
diminishing returns in terms of increases in the theoretical minimum 
commutes with increasing disaggregation. Notice that for all of the 
runs that incorporate the RA method, the increase in the average theo- 
retical minimum commutes is larger when the analysis goes from 3 to 
14 classes than it is when it goes from 14 to 24 classes. Looking at the 
RA-RA method results, for example, the mean theoretical minimum 
commute increases by more than 1.3 mi when the data are disaggre- 
gated from 3 to 14 classes. Going from 14 to 24 classes increased the 
average theoretical minimum commute in the RA-RA method results 
a bit more than 0.5 mi. In short, this work seems to suggest that more 
reasonable estimates of the theoretical minimum commute could be 
achieved by use of a modest level of disaggregation. 

The RA approach truly tends toward a worst-case data scenario for 
the transportation problem used to find T,. The sparse nature of the O, 
and O;, matrices that it produces forces the transportation problem to 
construct commute patterns between worker and job locations often 
more distant than those that would be observed in practice. As 
described earlier, the RA approach tends to create zones of single or 
very few worker types, which necessitates more cross-zonal commut- 
ing. In reality, one would expect most zones to contain a mix of 
worker and job types that the transportation problem would be able to 
take advantage of in making its assignments. This, then, should also 
be comforting to jobs—housing researchers, in that the ranges pre- 
sented in this paper can be thought of as approaching a worst-case 
outcome when worker type is ignored. The deviations between the 
aggregate and disaggregate estimates would be narrower in practice. 
This, however, must be placed in context, because when theoretical 
minimum commutes over time and space are compared, metrics may 
often differ by only a small margin (4, 5, 30). Thus, ensuring that each 
is as representative as possible will help to produce the most accurate 
assessment of jobs—housing relationships. 


CONCLUSIONS 


This paper has conducted an exploratory analysis to probe the possi- 
ble impacts of ignoring worker class stratification information when 
a popular measure of jobs—housing balance, the theoretical minimum 
commute, is estimated. The approach taken was to create computa- 
tional simulations of nearly worst-case residential and employment 
structures to ascertain the error potential associated with the use of 
aggregate commuter data. The analysis shows that as data are able to 
be disaggregated into more worker groups, the potential for error 
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increases substantially if only the aggregate data are used to estimate 
theoretical minimum commutes. Several scenarios suggested that 
large underestimates of theoretical minimum commutes could occur; 
that is, commutes determined with disaggregated data were more 
than 70% greater than their counterparts determined with aggre- 
gated data. Therefore, the most representative estimates of a region’s 
theoretical minimum commute will be obtained when a reasonable 
disaggregation strategy is pursued. 

The work presented here is but a first analytical look at the issue of 
worker disaggregation impacts. Future studies could be conducted for 
additional cities to see if similar trends emerge. Other cities will no 
doubt have a different spatial structure than Wichita (3), and that may 
affect the range of minimum commutes. Another possible line of 
future inquiry would look at the merits of disaggregating commutes 
by other types of stratification data. There have been some related dis- 
cussions in the literature, particularly with respect to gender, house- 
hold composition, and mode of transport (0, 30, 34). Combining 
these variables with other potential stratification dimensions (e.g., 
household income) in additional simulations or simple empirical work 
could facilitate insights into the best disaggregation strategies. Lastly, 
exploring the interactions between attribute aggregation and spatial 
aggregation could also add to knowledge about appropriate minimum 
commute estimation procedures. The use of more spatially aggregate 
zones is likely to provide some buffer to ignoring worker type simply 
because, ceteris paribus, larger zones are more likely to contain a mix 
of work establishments than smaller zones. However, the use of more 
spatially aggregate zones can also misrepresent the theoretical mini- 
mum commute (33). Examining these trade-offs, along with investi- 
gating some of the other aforementioned extensions, would be of great 
benefit in trying to further refine the measurement and representation 
of the jobs—housing balance. 
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Exploring Potential Inequities Between 
Burdens and Benefits of Climate Change 


Abatement Policies 


Aaron Golub and Jason Kelley 


Although the connection between the storms along the coast of the Gulf 
of Mexico in 2005 and global climate change is still being debated, the 
fact that low-income communities are more likely to bear the greatest 
burden and are more vulnerable to potential future climate change 
and rising sea levels is widely acknowledged. Adding to this problem, 
greenhouse gas emissions that contribute to global warming are income 
dependent: people with the highest incomes, both globally and within 
specific communities, tend to pollute more than those with the lowest 
incomes. A policy dilemma thus arises when abatement strategies involve 
regressive financing or when the benefits of such strategies are concen- 
trated within higher-income groups. Low-income communities are in 
effect subsidizing the pollution abatement of higher-income communi- 
ties. This paper reviews a range of evidence showing the unequal vulner- 
abilities, responsibilities, benefits, and costs from climate change and 
climate change policies. A framework for the evaluation of climate change 
mitigation strategies in the transportation sector is then proposed. This 
framework incorporates these equity issues along with other traditional 
measures of policy effectiveness. Exactly how these various inequities 
are incorporated and valued is highly case specific and is proposed as the 
subject of future research. 


One morning in May 2005, President George W. Bush visited one of 
the poorest districts in Washington, D.C., Ward 7, in the northeast 
quadrant of the city. It was not a visit to talk about jobs or improved 
schools, both of which are desperately needed in this area. Instead, it 
was to make a 10-min photo opportunity at one of the nation’s first 
hydrogen fueling stations, costing millions of dollars and signifying 
the first steps in the long process of reducing oil consumption and 
lowering carbon emissions. Seeing the president’s security entourage 
in their neighborhood, one resident asked, “What happened? Who 
died?” and another remarked, “He’s visiting a fuel pump? ... I’m 
deeply concerned about the young men in our neighborhood. We’ ve 
got people who are hungry here. And the president comes into 
Ward 7 to visit a fuel pump?” (/). 

What is striking about this scene is the apparent disconnect between 
the needs of this low-income community and the products of climate 
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change policies. Less apparent, however, are additional issues regard- 
ing the disconnect between the costs of climate policy and the direct 
benefits and indirect benefits from abating climate change. Although 
the fuel pump may bring climate benefits and associated local air 
quality benefits, all of which are positive for the citizens of Ward 7, 
it may also be funded in a regressive manner; and its direct users and 
beneficiaries, those who will be able to afford a vehicle fueled by 
hydrogen, will likely not include residents of Ward 7 for quite some 
time. In this paper, the authors explore some of these disconnections 
affecting low-income and minority communities and their impli- 
cations for evaluating transportation policies intended to mitigate 
global climate change. 

The seriousness of global climate change due to global warming 
has become more widely acknowledged in the United States and 
abroad, yet the potential impacts on poor and minority communities 
have received less public attention. Various studies, including the 
recently updated assessment of the state of knowledge by the United 
Nations Intergovernmental Panel on Climate Change (2), have 
removed much of the doubt surrounding the relationships between 
human activities and global climate change. Other studies, however, 
have also acknowledged that the impacts and the causes of climate 
change are uneven across social classes (3-6). As one might expect, 
higher-income households consume more and pollute more than 
low-income households and are therefore more responsible for cli- 
mate change and its various effects. The rich are also less vulnera- 
ble to the negative impacts of climate change because they are more 
mobile, have better access to education and jobs, are more likely to 
have insurance for both health and property, and are more likely 
to live in areas less affected by pollution and heat, which will 
likely be worsened under most climate change scenarios (3-5). In 
addition, many climate change policies are financed in regressive 
manners that place disproportionate burdens on the poor or that 
concentrate the benefits on certain populations. Although these 
inequities rarely surface in the growing number of discussions of 
the policy responses to climate change, they have been investigated 
extensively by organizations concerned with the welfare of poor and 
minority communities. 

This paper explores this confluence of potential equity issues and 
attempts to show its significance for transportation policy in the area 
of greenhouse gas (GHG) emissions reductions. The paper reviews 
a range of evidence showing the unequal vulnerabilities, respon- 
sibilities, benefits, and costs from climate change and climate 
change policies. An attempt to sketch an evaluative approach that 
can incorporate these equity issues along with other traditional mea- 
sures of policy effectiveness is then made. Finally, the paper men- 
tions opportunities for future research that would use this evaluative 
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framework to examine the context-specific implications of climate 
change mitigation strategies in the transportation sector. 


EVIDENCE OF UNEQUAL VULNERABILITIES, 
RESPONSIBILITIES, BENEFITS, AND COSTS 


This section assembles evidence from various sources to show the 
unequal vulnerabilities, responsibilities, benefits, and costs from 
climate change and climate change policies. 


Unequal Vulnerability to Climate Change 


Research has acknowledged that low-income communities world- 
wide are more vulnerable to the negative consequences of climate 
change (7). Adger and Kelly note that although exposure to the 
impacts of climate change may manifest at local, national, regional, 
and global scales, “‘the state of vulnerability itself is associated with a 
specific population” (8, p. 253). The vulnerability of these individu- 
als and groups relates not only to their exposure to the impacts of cli- 
mate change but also to their ability to resist or adapt to such impacts, 
as well as their ability to recover from significant disturbances. 

Although uncertainties regarding the impacts of climate change 
make estimates of cost distribution difficult, research has begun to 
examine the vulnerability of low-income communities internation- 
ally (4, 9). According to a report by the Department for International 
Development (4), changes in the mean climate and climate variabil- 
ity, in addition to extreme weather events and sea level rise, will have 
significant and disproportionate impacts on the livelihoods and vul- 
nerabilities of low-income groups worldwide. The resulting changes 
to agricultural production and natural resources, increased water 
stress, and the heightened prevalence of disease will, in addition to 
their direct impacts, stress community livelihood strategies and will 
reduce their capacity to recover from stresses from climate change. 

Within the United States, minority and low-income populations 
concentrated in urban centers, coastal regions, and areas with substan- 
dard air quality are particularly vulnerable to the impacts of climate 
change (3, 5). African Americans are nearly twice as likely to live in 
central cities, and roughly 80% of people of color in the United States 
live in coastal regions (3). In many cases, the location of minority and 
low-income communities in these areas of high exposure is deter- 
mined by historic and current discrimination. One of every two 
African Americans and Latino Americans is met with discrimination 
in the housing rental and owner markets (3). 

Their containment to certain locations places these communities 
at great risk from climate change. For example, increased tempera- 
tures are anticipated to increase the rate of heat-related deaths by 
90% in the 15 largest U.S. cities (3). Minorities are already twice as 
likely to die from heat-related causes during heat waves (3). During 
the 1995 heat wave in Chicago, Illinois, the mortality rates for non- 
Hispanic blacks were roughly 50% higher than the mortality rates for 
non-Hispanic whites; and similar results have emerged in several 
other study areas, including Texas; Memphis, Tennessee; and the 
Kansas City, Kansas and Missouri, metropolitan area (5). Increased 
air temperatures are also anticipated to double the number of cities 
whose air quality exceeds air quality standards (3). Most studies and 
modeling predict rising ground-level ozone production under rising 
urban temperature scenarios (/0). This will be particularly harmful 
to minority and low-income populations living in higher concentra- 
tions in urban areas. African Americans are already more than three 
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times as likely as whites to be hospitalized or to die because of 
asthma, whereas people of color are almost three times as likely to 
suffer from respiratory illnesses resulting from air pollution (3). 
These issues will likely grow with further climate change. 

Location and exposure, however, do not fully determine the vul- 
nerability of these groups to climate change. Vulnerability is also 
determined by the ability to resist, cope with, and recover from cli- 
mate change impacts. Communities of color are nearly twice as likely 
as whites to lack health insurance (3). Additionally, these same 
groups, who are more often renters, commonly lack insurance for 
floods and storm damage, as only 25% of renters have renter’s insur- 
ance (3). In addition, one of two African or Latino Americans is met 
with discrimination by insurance coverage and premium rates (3). 
These factors of exposure and the limited resources available for 
resistance, adaptation, and recovery increase the vulnerability of 
minority and low-income groups to the impacts of climate change. 
These same groups, however, contribute disproportionately less to 
the GHG emissions that are responsible for these climactic changes. 


Unequal GHG Emissions 


The disparity in GHG emission rates between high-income and low- 
income countries has been widely acknowledged. Significant differ- 
ences in GHG emissions within countries are also found, with 
higher-income groups producing far greater quantities resulting from 
their tendency to drive more, fly more, consume more manufactured 
goods, use more electricity, and live in larger homes requiring more 
heating and cooling. In the United States, there are differences in 
average per capita carbon emissions between blacks and whites of 
about 20% (5). These differences are far more pronounced when they 
are broken down by income group: the highest-income decile in the 
United States produces eight times the amount of CO, produced by 
the lowest-income decile (44 and 5.5 tons annually, respectively) (5). 

GHG emissions from transportation are also income depen- 
dent. According to Pucher and Renne, households making less than 
$20,000 annually are about four times as likely as the average house- 
hold to have no vehicle; and they also rely on bicycling, walking, and 
public transportation for twice the proportion of total trips (//). Rice 
determined that in California the top 73% of households by income 
spent 50% more on gasoline than low-income households, therefore 
producing higher GHG emissions from automobile use (/2). Similar 
results were found by Wadud et al. (6) in their detailed estimation 
of gasoline consumption nationally (Figure 1). These unequal lev- 
els of GHG emissions, coupled with unequal vulnerabilities to cli- 
mate change, place low-income and minority communities in an 
inequitable situation. This situation is further compounded by the 
potentially uneven distribution of costs and benefits associated with 
GHG abatement strategies in transportation, including those decisions 
made at the local and regional levels. 


Unequal Policy Benefits and Cobenefits 


The refusal of the administration of George W. Bush to sign the Kyoto 
Protocol, the first international agreement between 141 nations to fight 
global climate change, has resulted in a surge of responses at the state, 
regional, and local government levels within the United States to 
act on their own. According to the Pew Center on Global Climate 
Change, 36 states have either completed or are in the process of 
completing climate action plans (/3). In addition, 916 individual 
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FIGURE 1 Annual CO, emissions per household from automobile travel by income 
quintiles, calculated by the authors using gasoline consumption and household size 


published previously (6). 


mayors of U.S. cities have signed the U.S. Conference of Mayors 
Climate Protection Agreement, committing to meet or beat the Kyoto 
Protocol targets in their own communities through various local 
actions (14). 

Although a debate about whether to focus on adaptation to the 
impacts of climate change instead of mitigation has surfaced, numer- 
ous GHG abatement strategies are being examined and initiated at 
the state, regional, and local levels with the goal of reducing GHG 
emissions. Some common elements can be identified among these 
various strategies. In their study of local strategies, Kousky and 
Schneider determined that they were driven in particular by the poten- 
tial for cost savings and the perceived cobenefits of the policy or pro- 
gram, beyond the goal of reducing the extent of climate change (15). 
Cobenefits, according to the authors, are used as a crude measure of 
the societal benefits of the strategy. Cobenefits result from policies 
intended to achieve not only climatic goals but also, simultaneously, 
other environmental goals, such as air quality improvements. Such 
cobenefits not only help justify climate policies and the spending of 
public funds but also help localize the issue for citizens and provide 
opportunities to address multiple issues. According to their research, 
however, local governments do not typically attempt to value or quan- 
tify cobenefits explicitly and instead focus more on demonstrable 
action (15). 

Similar to cobenefits are the ancillary benefits of GHG abatement 
strategies. Ancillary benefits are beneficial side products of mitiga- 
tion policies, but they are not a specific goal of mitigation strategies, 
even if they can often be directly captured in the near term. Exam- 
ples of ancillary benefits include reductions in traffic congestion and 
vehicle fatalities or increases in property values. Krupnick et al., in 
their review of climate change mitigation strategies, provide a 
methodological framework for incorporating both ancillary benefits 
and costs into climate policy discussions (/6). 

From a policy perspective, the existence of cobenefits and ancil- 
lary benefits appears to have a strong influence on the political attrac- 
tiveness and acceptability of GHG abatement strategies. Although 
such benefits are important for the implementation of such strategies, 
from an equity standpoint it is important to assess also the distribu- 


tion of these benefits and any associated costs to evaluate and 
compare different policies. 

With the transportation sector being a significant contributor to 
GHG emissions globally, various transportation-related abate- 
ment strategies have gained widespread attention and support: These 
strategies include the promotion of vehicles that run on alterna- 
tive fuels; pricing strategies, such as road pricing, fuel taxes, and user 
fees; the promotion of public transportation; fuel efficiency improve- 
ment programs; and improved transportation system efficiency. 
The appeal of these strategies is greatly enhanced when cobenefits 
are perceived. For example, a recent study of worldwide abatement 
policies in the transportation sector by the European Conference of 
Ministers of Transport identified a large number of modal shift poli- 
cies that attempt to reduce automobile use by encouraging drivers to 
shift to other modes of transport, such as public transit or cycling 
and walking (17). The popularity of such strategies, according to the 
report, is believed to result from a focus on policies with significant 
cobenefits, such as increased accessibility to public transport options 
and the reduction of traffic congestion and air pollution. Rail-based 
transit systems, in particular, light rail systems, have become increas- 
ingly popular in the United States as a strategy for encouraging modal 
shift. According to the U.S. Environmental Protection Agency web- 
site, five states have enacted state climate action plans that specifi- 
cally call for the promotion of rail transit, and eight other states have 
included the promotion of mass transit in general (/8). 

Although local low-income groups may receive indirect cobene- 
fits of improved air quality from GHG abatement strategies in the 
transport sector, such policies often focus on the needs of wealthier 
households and do not provide direct benefits for the wider commu- 
nity. The specific equity outcomes of such policies can be substan- 
tial. For example, transit-oriented developments are often criticized 
for their lack of low-income housing opportunities. Strategies such 
as the construction of an alternative fuel infrastructure and the pro- 
vision of tax rebates for hybrid and alternative fuel vehicles tend to 
favor higher-income groups that can afford these new technologies. 
Finally, rail transit projects often primarily target choice riders by 
connecting wealthier residents with high-income jobs in an attempt 
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to lure them out of their cars and thereby reduce GHG emissions. In 
many cases these rail projects offer few direct benefits for low- 
income, captive transit riders, as highlighted by the Los Angeles, 
California, Metropolitan Transit Authority case revealing disparate 
investments in rail and buses that resulted in successful civil rights 
litigation (19). Garrett and Taylor argue that the increasing focus of 
transit policy on capturing choice riders by expanding fixed-rail 
systems and bus services into suburban areas is both economically 
inefficient and socially inequitable (20). All of these examples high- 
light the potential equity implications of GHG abatement strategies 
and the distribution of the resulting benefits, yet the unequal distri- 
bution of the costs of such policies and programs must also be con- 
sidered to appreciate fully the situation that low-income and minority 
communities face. 


Unequal Policy Cost Burdens 


When any GHG abatement strategy is analyzed, all user and social 
costs must be considered to compare them with the cobenefits and 
ancillary benefits produced. A significant aspect of costs includes the 
financing of the abatement strategy. The funding mechanisms used to 
finance such strategies in transportation may place disproportionate 
burdens on lower-income groups. 

Some funding strategies involve user fees, which theoretically 
charge the user of the system proportionate to the costs that the user 
imposes on society as a result of using the system. Examples include 
high-occupancy toll (HOT) lanes and other variable-pricing strategies 
intended to reduce congestion and emissions, yet these funding strate- 
gies also bring forth questions of equity for lower-income groups. A 
flat fee for any service will be regressive, according to the distribu- 
tion of the ability to pay (on the basis of income) across the popula- 
tion. In addition to cost burden, however, the use of the funds must 
be considered for a complete understanding. Eliasson and Mattsson, 
for example, examined the impacts of congestion pricing on low- 
income groups in Stockholm, Sweden, and determined that it was 
progressive (less burdensome to low-income households) because 
the revenues were being used to improve the public transportation 
system (2/). Wiese et al. studied the impacts of motor fuel taxes (also 
often considered a user fee) and concluded that such taxes are regres- 
sive in nature and place a greater burden on low-income groups, if 
the revenues generated are used for general expenditures rather 
than infrastructure improvements geared toward low-income com- 
munities (22). Rufolo and Bertini, however, question the equity 
implications of a continued reliance on fuel tax revenues to fund 
transportation projects, in light of the increasing use of vehicles that 
run on alternative fuels and that do not incur such tax expenses, 
despite their use of the infrastructure (23). Subsidization of such 
vehicles that run on alternative fuels is a popular GHG abatement 
strategy. In light of this, West examined the impacts of subsidies for 
new vehicles and determined that they are significantly more regres- 
sive than taxes on gas or miles driven because of the greater price 
sensitivity of lower-income households in such cases (24). 

Another increasingly popular method for funding transportation 
projects involves the use of nonuser fees, such as sales taxes or bonds. 
According to Wachs, municipalities and transit districts are increas- 
ingly turning to local-option transportation taxes, such as voter- 
approved sales taxes, to fund rail transit projects (25). In Arizona, for 
example, about half of the Phoenix light rail construction costs were 
financed by a voter-approved half-cent regional sales tax for trans- 
portation (26). Unlike user fees, sales taxes and other nonuser fees 
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spread costs broadly across the population. Wachs found that in one 
county in California, a 1% countywide increase in the sales taxes 
would result in the same revenue as a fuel tax increase of 16 cents per 
gallon, highlighting a likely reason for the popularity of such sales 
taxes (25). As Dill and Weinstein determined from their survey of 
California residents, however, the popularity of sales taxes as a rev- 
enue source lags behind resident support for user fees, such as HOT 
lanes, toll roads, and toll lanes (27). 

Sales taxes are a regressive means of taxation for funding trans- 
portation projects and produce a disproportionate burden on low- 
income groups. The Institute of Taxation and Economic Policy, for 
example, determined that those in the lowest 20% income group in 
the United States paid a disproportionately larger amount of their 
total income in taxes in 2002 (11.5%) than all other income groups, 
with sales and excise taxes by far accounting for the largest portion 
(28). In California, Schweitzer and Taylor compared the cost burden 
of congestion pricing on State Route 91 in Orange County with the 
cost burden of the county’s transportation sales tax and found that the 
sales tax results in a redistribution of approximately $3 million per 
year from low-income residents to those with higher incomes, with 
obviously profound equity implications (29). They conclude that, for 
that particular project, congestion pricing was less regressive. As 
illustrated by Dill et al., all of the main finance mechanisms, includ- 
ing vehicle sales taxes, license fees, general sales taxes, and gas taxes, 
were shown to be regressive (30). The gas tax is more regressive than 
the sales tax, but as Schweitzer and Taylor showed, the sales tax may 
be worse, depending on the specific expenditure (29). These issues 
are important for low-income populations, members of whom may 
end up paying more for projects and programs while receiving few 
direct benefits. 


INTERPRETATION FOR POLICY ANALYSIS 


The authors’ goal in reviewing these distributions of the costs and 
benefits of transportation-related climate change mitigation policies 
is to motivate a more complete analysis of these policies going for- 
ward. This section sketches out an approach for incorporating these 
equity issues into policy evaluations. Although an attempt to incor- 
porate these considerations in a specific case is left to future research, 
the framework presented here is intended to serve as a general tem- 
plate for examining the equity implications of climate change and 
transportation policies for GHG abatement. 


Defining Equity 


Calls for environmental justice are broadly responding to inequities 
in procedural and planning realms, as well as the distributions of 
costs and benefits from transportation systems. Both procedural and 
distributional equity approaches form the core of liberal theories of 
justice (3 /—33). Here the focus is solely on distributional equity prob- 
lems relating simultaneously to costs and benefits from policies. As 
Schweitzer and Valenzuela note, studies of justice in the realm of 
transportation tend to focus on either cost-based or benefits-based 
claims of injustice, and few have attempted to analyze both the ben- 
efits and costs to a particular place or group (9). The authors hope 
that this discussion can lead to a better incorporation of both the 
costs and the benefits for low-income and minority populations into 
climate policy. 

With a distributive perspective of justice established as the basis for 
this inquiry, equity can be used as a normative criterion on the basis 
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of which such distributions may be judged. Within the realm of trans- 
portation, Litman classifies transportation equity according to three 
major categories (Figure 2) (34). Equity along a horizontal plane, also 
known as egalitarianism, concerns the equal distribution of benefits 
and costs among groups or individuals of equal ability and need. Hor- 
izontally equitable transportation policies avoid favoring one group 
or individual unless a subsidy is specifically justified. Vertical equity, 
which is often in conflict with and overlaps horizontal equity, con- 
cerns the distribution of benefits and costs among those of unequal 
income and social class (the economically disadvantaged) or those 
of unequal mobility need and ability (the transportation disadvan- 
taged). These two vertical planes can also overlap, because many 
transportation-disadvantaged individuals are also economically dis- 
advantaged and vice versa. These vertical planes can also conflict, as 
in the case of wealthier individuals or groups lacking access to vehi- 
cles in comparison with low-income groups or individuals who own 
vehicles. As Litman notes (34), Rawls (31) provides the theoretical 
grounds on which the concept of vertical equity is based. These planes 
of equity proposed by Litman provide a useful conceptual framework 
for assessing the distribution of costs and benefits associated with 
GHG abatement strategies in the transportation sector. 

In addition to Litman’s classifications (34), it is also important to 
recognize other aspects of equity because of the potential variation 
of vertical and horizontal equity across time and space. Temporal 
considerations include longitudinal equity, described by Viegas as 
the comparison of individual and group conditions between the pres- 
ent and the past and the gains and losses that have been experienced 
(35). In addition, intergenerational equity deals with actions of the 
past and the present that place burdens on future generations (36). In 
contrast, spatial or geographic equity concerns the distribution of 
costs and benefits across different geographic locations. These tem- 
poral and spatial considerations are relevant when GHG abatement 
strategies are examined and should be included in the analytical 
framework. 

Other notions of equity are also relevant in the climate change mit- 
igation debate. Ecola and Light discuss the cost or polluter pays prin- 
ciple, which states that the amount that people pay should be relative 
to the costs that they impose on others, as well as the benefit princi- 
ple, which states that it is equitable for people to pay more if they 
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FIGURE 2 Conceptualization of Litman’s planes of equity (94). 
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receive greater benefits (36). The benefit principle stands in contrast 
to the ability-to-pay principle, which emphasizes that payments 
should be based on income. Finally, the utilitarian social benefit prin- 
ciple focuses on maximizing the sum of individual utility with the 
highest overall benefits and lowest overall costs. The current distri- 
bution of uneven climate change vulnerability, responsibility for 
GHG emissions, and mitigation policy costs and benefits described 
here potentially violates these principles. Those responsible for GHG 
emissions do not currently pay for the full social costs that they 
impose; mitigation strategies may provide few benefits for those who 
are the most vulnerable, yet financing mechanisms can be regressive 
in nature; and mitigation strategies may also be inefficient overall. 
This situation further highlights the need for a robust analytical 
framework for assessing climate change mitigation strategies. 


Considerations for Analytical Framework 


The benefits and costs of transportation policies and investments are 
often difficult to quantify, leaving policy makers responsible for 
agreeing on a method for assigning value to them. Regarding bene- 
fits, Taylor argues that the transportation effects (the increased eco- 
nomic activities and social interactions resulting from lowered 
transport costs) are the most significant benefits of transportation 
investments, yet they are often ignored by policy makers (37). Lit- 
man, meanwhile, contends that the costs of transportation, particu- 
larly those that are external to the user, long term, nonmarket related, 
and indirect, tend to be undervalued in the decision-making process 
(38). In addition, as Wachs points out, even if the overall benefits 
of a project exceed the overall costs, the distribution of these costs 
and benefits will often disproportionately affect certain groups or 
individuals (39). Wachs notes that achieving an optimal balance 
between the benefits and costs of a transportation policy or invest- 
ment requires an examination of the trade-offs between its effective- 
ness for achieving objectives, the efficiency by which it achieves 
these objectives, and the equity or fairness of the costs and benefits 
that it imposes on society (39). 

A conceptual framework for transportation GHG abatement pol- 
icy analysis is illustrated in Figure 3. This framework builds on those 
presented by Wachs (39) and Litman (34) for general transportation 
policy analysis and applies them specifically to GHG abatement 
strategies. To assess the appropriateness of a potential climate change 
mitigation strategy, consideration of the three factors effectiveness, 
efficiency, and equity and the trade-offs between them is important. 
First, determining the effectiveness of a strategy involves an evalu- 
ation of its ability to achieve the necessary GHG emissions reduc- 
tions while also providing the desired levels of explicit cobenefits. 
For a modal shift policy, for example, this could include reducing 
the numbers of vehicle miles traveled (and, hence, the amounts of 
GHG emissions) by shifting choice riders to transit while also reduc- 
ing congestion and travel delays. The goal of effectiveness in climate 
change mitigation has a direct link to intergenerational equity, for it 
is assumed that a policy that reduces GHG emissions would provide 
benefits for future generations. Second, determining the efficiency of 
a strategy requires looking not only at achieving the stated desired 
benefits but also considering all costs (including social costs) and all 
benefits (including ancillary benefits) with the goal of maximizing 
the overall benefit-to-cost ratio, thereby satisfying the social benefit 
principle. 

Finally, unlike the considerations of effectiveness and efficiency, 
determining the equity of a strategy involves an analysis of all iden- 
tified costs and benefits and the way in which they are distributed 
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FIGURE 3 Conceptual framework for evaluating transportation strategies. 


across society. This would include examining the vertical equity 
implications for the transportation and economically disadvantaged 
(including low-income and minority groups), who are the least re- 
sponsible for but the most vulnerable to the impacts of climate change, 
in addition to the horizontal equity among the members of these 
groups. Vertical and horizontal equity should be analyzed across 
various geographic scales to capture spatial differences in distri- 
bution, and conditions before and after implementation of the 
strategy should be compared to highlight temporal differences in 
distribution. Trade-offs between these three factors (effectiveness, 
efficiency, and equity) could arise, for example, if a strategy pro- 
vides large GHG emissions reductions but at a large monetary cost 
or if a strategy is highly efficient but distributes the benefits and 


costs disproportionately and inequitably. In addition, comparisons 
between the potential strategies and other alternatives on the basis 
of the same three factors should be made to determine which action 
would provide the best balance between the three considerations. 
For example, returning to the hydrogen fueling facilities described 
at the beginning of this paper, the incorporation of financing burden 
(tax rebate sources, local funding sources, user fees, transfers from 
local or state jurisdictions) would need to recognize that low-income 
households in the Washington, D.C., area already produce fewer 
GHG emissions than wealthier households and are also unlikely to 
be able to afford a vehicle that could take advantage of the higher fuel 
efficiencies that hydrogen fuel technologies promise. A full account- 
ing of the other cobenefits and ancillary benefits of hydrogen fuel 
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technologies, such as air quality improvements and noise reduction, 
and how those benefits are temporally and spatially distributed would 
then be needed to evaluate just what kind of burden, if any, would be 
fair and just for low-income populations. It may be that cobenefits 
are substantial and that there is a strong case for widely disbursed 
cost burdens. When these evaluations incorporate the full range of 
issues, from costs to benefits and responsibilities, they can yield a 
more complete understanding of the impacts of various policies. 


CONCLUSIONS 


The transportation sector in particular is a leading cause of GHG 
emissions, and strategies proposed as means of reducing these emis- 
sions have included the promotion of vehicles that run on alternative 
fuels, improved public transportation, transit-oriented development, 
and various pricing strategies. 

In many cases, however, low-income communities that produce 
the fewest GHG emissions yet that are the most vulnerable to the 
impacts of climate change may not receive many direct benefits from 
these strategies at the local level and may even perhaps subsidize the 
policies. The role of transportation policy with regards to climate 
change, as Schweitzer and Valenzuela note (9), can be unclear. As 
those authors point out, the legal and planning context of transporta- 
tion that exists in the United States might make it difficult to tackle 
international environmental problems like climate change. As the 
authors contend, however, this uncertainty “points to a pressing need 
for research” in this area (9, p. 392). O’Brien and Leichenko build on 
this point by emphasizing that the inequities associated with cli- 
mate change appear not only at the international scales of planning 
and decision making but also at the more local scales (40). Hensher 
examines the efficiency, equity, and sustainability of various GHG 
emission mitigation strategies and also concludes that the actual 
impacts are likely to be location and context specific (4/). Finally, 
Krupnick et al. address the importance of examining all costs and 
benefits of GHG mitigation strategies and conclude that they 
are highly context specific as well (16). These studies help illus- 
trate that transportation planners attempting to tackle the global 
issue of climate change must also consider the local implications 
of mitigation benefits and mitigation costs, particularly as they 
relate to underrepresented groups at the local level and within the 
particular context. 

This review highlights the importance of examining the implica- 
tions of such strategies for low-income groups at a local level for a 
number of reasons. First, the unequal production of emissions and 
unequal vulnerability to the impacts of climate change incurred by 
those with low incomes demonstrate the importance of considering 
further the burdens that may be placed on this group as a result of 
GHG abatement attempts. Second, the increase in locally initiated 
strategies and the significant importance of cobenefits and ancillary 
benefits for the implementation of such programs suggest that the 
local distribution of these benefits across income groups must also 
be examined. Third, it is important to analyze all costs of abatement 
strategies, including those associated with the funding mechanisms 
used and the burdens that they place on low-income residents. Ana- 
lyzing all costs and benefits of transportation projects for a particu- 
lar group and place, especially as they relate to climate change 
abatement, provides the potential to fill the gaps in the existing 
research. Fourth, transportation planners are increasingly attempt- 
ing to tackle the global issue of climate change while balancing issues 
of impacts on local residents, yet little research on this process has 
been conducted. 
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For transportation planners, the implementation of transportation 
policies specifically for climate change mitigation involves more 
than simply examining GHG abatement potential. As Wachs notes, 
achieving an optimal balance between the benefits and costs of a 
transportation policy or investment requires an examination of the 
trade-offs between its effectiveness for achieving the objectives, the 
efficiency by which it achieves these objectives, and the equity or 
fairness of the costs and benefits that it imposes on society (39). 
According to this framework, an appropriate GHG abatement strat- 
egy in the transportation sector should achieve emissions reductions 
goals at a higher benefit-to-cost ratio than the other available strate- 
gies while providing a just distribution of societal costs and benefits. 
From a social equity perspective, the consideration of costs and ben- 
efits accrued to low-income and minority residents is particularly rel- 
evant, given the disproportionate levels of production of emissions 
between income groups and the heightened vulnerability of those 
with lower incomes to the negative impacts of climate change. 
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This paper identifies seven attributes of robust performance measurement 
systems by analyzing five performance measurement frameworks and 
their use of transportation system performance indicators. The attri- 
butes are then used to examine three case studies from Europe and the 
United States to demonstrate the value of performance measurement 
frameworks for developing and improving sustainable transportation 
strategies and indicators. The case studies point to important consider- 
ations in formulating a robust sustainable transportation strategy at 
different levels of governance and also indicate the importance of ensur- 
ing alignment in an agency’s vision, objectives, and monitoring systems. 
The characteristics of an effective framework for the development of 
sustainable transportation strategies include a comprehensive sus- 
tainability objective, a good connection to the goals and objectives of an 
agency, and vertical and horizontal integration. In addition, a framework 
should capture the interactions among variables, reflect stakeholder 
perspectives, and consider the capabilities and constraints of the agency 
and should be flexible to foster self-learning. 


The importance of transportation system performance to sustainable 
development is clearly reflected by the fact that a large number of 
transportation agencies have begun to consider and integrate the 
concept of sustainability in their activities. In the United States, for 
example, more than 40% of the state departments of transportation 
(DOTs) have incorporated some element of sustainability into their 
vision or mission statements (J). Some DOTs and metropolitan 
planning organizations have developed sustainability-specific goals 
and objectives and have used performance measures (sometimes 
with targets) to measure progress. New Zealand and the United 
Kingdom have developed relatively comprehensive approaches to 
improve transportation system sustainability. In the case of the United 
Kingdom, this strategy is part of a broader, sectorwide, national sus- 
tainable development strategy. Such efforts recognize the importance 
of linking the various built and natural systems within a system 
performance metric. 
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This paper reviews the performance measurement frameworks 
that have been used to develop sustainable transportation indicators. 
They include the triple-bottom-line, the driving forces—pressures— 
states—impacts—responses (DPSIR), and the triaxial frameworks 
for technological sustainability. The objective of this review is to 
highlight what is particularly effective about the different frameworks 
and how multiple frameworks can be combined to develop even 
more effective indicator systems. The paper then introduces other 
useful frameworks (the balanced scorecard and the performance prism) 
that have largely been used in the private sector but that have not 
been widely considered for use in the development of sustainable 
transportation indicators. The review results in the identification of 
attributes of effective indicator systems for sustainable transportation. 
These attributes are then applied to highlight the strengths of selected 
sustainable transport strategies and indicators and demonstrate the 
value of performance frameworks for developing and improving trans- 
port indicators and strategies. These attributes are also useful in iden- 
tifying the unique priorities and constraints and explaining the resulting 
approaches of different agencies as they pursue sustainability. 


DEFINITIONS OF SUSTAINABILITY 


Although sustainable development has been defined in various ways, 
the Brundtland definition remains one of the most popular. In this 
definition, sustainable development is defined as “‘development that 
meets the need of present generations without compromising the 
ability of future generations to meet their own needs” (2). Several 
agencies have developed operational definitions of sustainable trans- 
portation that tend to align well with but be more specific than the 
Brundtland definition. 

The importance of having a working definition of sustainable 
transportation is that it allows agencies and organizations to identify 
the key factors or parameters that should be invested in to achieve 
sustainability goals, as well as the types of performance measures 
that can be used to monitor progress. For instance, the Center for 
Sustainable Transportation (CST) in Canada (3) defines a sustainable 
transportation system as one that 


¢ Allows the basic access needs of individuals and societies to be 
met safely and in a manner consistent with human and ecosystem 
health and with equity within and between generations; 

¢ Is affordable, operates efficiently, offers choice of transport 
mode, and supports a vibrant economy; and 

e Limits emissions and waste within the planet’s ability to absorb 
them, minimizes the consumption of nonrenewable resources, limits 
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the consumption of renewable resources to the sustainable yield 
level, reuses and recycles its components, and minimizes the use of 
land and the production of noise. 


Among other things, performance measurement frameworks explain 
the rationale for measurement, help to ensure comprehensiveness 
while minimizing double counting, and may help to ensure a balance 
of the input measures (the methods, actions, and resources expended 
to achieve various objectives, e.g., the number of person-hours 
required to complete an overlay per unit kilometer of roadway), the 
output measures (the results of inputs on a facility or system, e.g., 
the roughness of a roadway), and the outcome measures (the results 
of inputs on customers using the system, e.g., the roadway level of ser- 
vice), when necessary. One of the important elements in the imple- 
mentation of a sustainability strategy is the framework used to 
measure progress toward sustainability objectives. 


REVIEW OF PERFORMANCE 
MEASUREMENT FRAMEWORKS 


Several performance measurement frameworks for transport sustain- 
ability are found in the literature. Recent efforts at categorizing and 
proposing synthesized frameworks provide background material for 
this review (4-6). 
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Triple-Bottom-Line Framework 


Although comprehensive performance measurement frameworks 
are rare in operating agencies, efforts have been made by some to 
incorporate sustainability concepts into the regional transportation 
planning processes (J). One of the ways this has been done is to 
deconstruct the definition of sustainability into environmental, 
economic, and social objectives and create indicators under each 
category, the so-called triple-bottom-line framework. CST in Canada, 
for example, developed its initial sustainability plan using this 
approach. This simple framework illustrated the overall balance of 
all the categories that were deemed important for achieving transport 
sustainability for an agency, in essence, a theme-based framework (4). 
Other agencies and state DOTs have adopted similar frameworks. 
In particular, Figure 1 depicts the triple-bottom-line framework that 
the California DOT used to frame transportation strategies (7). 
The triple-bottom-line framework can also be applied by using a 
multicriteria decision-making (MCDM) approach to evaluate trans- 
portation system sustainability. For example, Zietsman et al. (8) and 
Jeon et al. (7) used the MCDM approach for the Texas DOT and 
the Atlanta, Georgia, metropolitan area, respectively. In these two 
applications, agency goals were deconstructed and then linked to 
different aspects of sustainability. The goals were further turned 
into quantifiable performance measures. In the case of Atlanta, 
the effectiveness of the transportation system was added as a fourth 
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FIGURE 1 California DOT vision, goals, and policy relationship (7). 
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dimension to sustainability, on the basis of the rationale that a system 
would have to be functionally effective for it to be sustainable. By 
applying weights to the categories and individual performance 
measures and then normalizing the performance measure values, a 
final sustainability utility value can be calculated by using a weighted 
average summation. Changes in the utility value over time indicate 
changes in the transport system’s sustainability. 

The triple-bottom-line framework has certain essential qualities that 
can be important foundations for other, more complex frameworks. 
First, its multicriteria and comprehensive approach to sustainability 
emphasizes the balance among the different areas of sustainability. 
Second, an organization can assign different weights to different 
objectives to reflect its relative priorities. However, the triple- 
bottom-line framework has certain drawbacks as well. This frame- 
work cannot explicitly represent relationships among objectives. Thus, 
a positive measure in one category may negatively affect a measure 
in a different category, making any particular strategy resulting from 
the framework less effective. Third, the measures themselves may 
be double counted because intermediary effects rather than ultimate 
effects are sometimes measured. Determining the level of analysis 
for a particular indicator, much like tracing its path along the chain 
of causation, can be useful to avoid double counting (9). 


Driving Forces-Pressures-State- 
Impacts-Responses Framework 


The DPSIR framework, used by the European Environment Agency, 
is a modification of the pressure—state-response framework adopted 
by the Organisation for Economic Co-Operation and Development 
(0), which was further adapted from the original 1970s framework 
created by Friend and Papport. The DPSIR framework is a chain of 
causal links starting with driving forces (economic sectors, human 
activities) and going through pressures (emissions, waste) to states 
(physical, chemical, biological) and impacts on ecosystems and 
human health and functions, eventually leading to political responses 
(prioritization, target setting, indicators) (J/). 

The advantage of this framework is that it is highly intuitive and 
most realistically represents relationships between and among per- 
formance indicators. Like the triple-bottom-line framework, it can 
also be easily adjusted to fit particular purposes. However, it over- 
simplifies human activity into linear relationships and needs to be 
extended to incorporate the economic and social aspects of sustain- 
ability, given that it was mainly designed to be an environmental 
framework. The problem of representing only isolated views of each 
aspect of sustainability also remains (J0). In addition, the feedback 
loops may be more difficult to articulate in a way that captures 
the interoperability and influence of objectives and indicators on 
each other. 


Triaxial Framework for Technological Sustainability 


Conceptualized by Pearce and Vanegas (/2), the name of the triaxial 
framework for technological sustainability framework suggests a close 
resemblance to the triple-bottom-line framework, but it is actually 
quite different. On the basis of the thermodynamic foundations of 
closed systems, this framework assumes that for any system to be 
sustainable, there must be no net loss of the sum total of matter and 
energy circulating within the system. The framework consists of 
three axes, representing (a) stakeholder satisfaction, (b) the impact 
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on the resource base, and (c) the impact on the ecosystem. A change 
on one of the axes will lead to either positive or negative changes on 
the other axes, demonstrating the interaction of the parameters. In 
this sense, the model is also significant for realizing potential con- 
flicts between and among different objectives; therefore, synergetic 
solutions to sustainability problems can be recognized. However, a 
shortcoming of this model is that it can be difficult to implement, 
and appropriately capturing the three traditional areas of sustainability 
(i.e., the economy, the environment, and society) may require much 
more deliberate thought. 

The framework is useful in two ways. First, it realizes that smaller 
(technological) systems are constrained by larger (global) systems, 
and therefore, when indicator frameworks are developed, it may be 
useful to consider the parameters (indicators) that govern the smaller- 
scale system. For instance, when a national sustainable strategy is 
devised, the parameters should be weighed against the would-be 
objectives and capabilities of the state strategies because they can 
ultimately constrain the national strategy. Second, the value of stake- 
holder satisfaction is explicitly included as a parameter for achieving 
technological sustainability, which, at best, is only implicitly stated 
in the other frameworks. This is important because the primary reason 
for achieving sustainability is to meet the needs of various stake- 
holders today and in the future. In addition, this model can be applied 
to determine the before-and-after (possibly projected) status of various 
policies, plans, and projects to distinguish between nonsustainable 
and sustainable alternatives, as well as superior alternatives from the 
set of sustainable alternatives. Although the measures can be varied 
on the three axes, they are likely to be selected to have traction with 
the most critical issues within the local context. 


Influence-Oriented Frameworks 


Agencies may have various levels of influence over activities that 
result in the outcomes for which they are responsible. For example, 
transportation agencies have little influence over when people decide 
to drive, unless they choose to control this behavior actively through 
variable pricing or other incentive—disincentive systems. Influence- 
oriented frameworks are those that help agencies to explicitly rec- 
ognize the different levels of influence that they have over particular 
indicators, to select a range of indicators that captures both the 
causes and the impacts of various phenomena, and to recognize 
when institutional interventions are necessary. Transport Canada’s 
sustainability strategy may be viewed as an influence-oriented frame- 
work (6). In this strategy, three levels of indicators are developed: 
state-level indicators (which measure the state or condition of par- 
ticular aspects of the transportation system), behavioral indicators 
(which measure the behaviors of stakeholders), and operational 
indicators (which evaluate the actual actions of the agency). This 
framework is useful because it recognizes that agencies have various 
degrees of control and influence over transportation system activities 
and outcomes. For instance, behavioral indicators are related to 
the activities that stakeholders undertake; and because the behavior 
of individuals is not easily controlled, an agency typically does not 
have direct control over what service providers, politicians, decision 
makers, and the public want to do. Only when this is realized can the 
responsibilities of the agency be clearly laid out and a more realistic 
and achievable set of indicators be adopted at each level of influence 
(13). In addition, recognizing the limits of agencies to influence 
certain outcomes highlights the role of education and incentive— 
disincentive systems in developing comprehensive solutions to 
particular sustainability problems. 
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Balanced Scorecard Framework 


Performance frameworks from the management and accounting 
fields are potentially useful for sustainable transport measurement, 
but they have not been reviewed (noticeably) in the transportation 
literature. Perhaps the most popular example is the balanced scorecard 
framework for performance measurement. 

The balanced scorecard model was conceived in 1992 by Kaplan 
and Norton (/4). It provides a strategic and balanced approach to 
measuring corporate performance from four perspectives: (a) finance, 
(b) the customer, (c) the business process, and (d) learning and 
growth. This framework has helped companies to achieve success 
by focusing the organization on a few strategic efforts, integrating 
various programs, and vertically integrating measures at all levels 
in an organization to improve performance (/4). Figge et al. applied 
the balanced scorecard model to corporate sustainability manage- 
ment by integrating the three aspects of sustainability into a single, 
overarching management tool to help firms achieve their long-term 
goals (15). 

Because of the success of this model, various government orga- 
nizations, including some state DOTs, have adopted the balanced 
scorecard framework. The City of Charlotte, North Carolina, DOT 
was the first agency to adopt the model, and the Illinois DOT and 
TxDOT have also customized the model (/6, 17). Figure 2 shows 
the modified model for TxDOT that still keeps four quadrants of 
measurement, but with modified contents (/8). Incorporating sus- 
tainability principles into a DOT’s balanced scorecard model can be 
one way to develop a sustainable transportation strategy. Although 
it should be noted that the goal of a public agency is drastically 
different from that of a private organization, the framework can still 
be successfully modified to measure sustainability in the public sector. 


Performance Prism Framework 


Despite the popularity of the balanced scorecard model, it had one 
important disadvantage. By focusing solely on customers, the balanced 
scorecard model has downplayed the importance of other stake- 
holders, such as employees, suppliers, regulators, and communities 
(19). Because of this, a new corporate measurement framework, the 
performance prism framework, was conceived as a three-dimensional, 
flexible model that focuses on five interrelated perspectives, driven 
by stakeholders’ concerns. The five perspectives follow (20): 
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e Stakeholder satisfaction. Who are the key stakeholders and what 
do they want and need? 

e Strategies. What strategies must be put in place to satisfy the 
wants and needs of these key stakeholders? 

e Processes. What critical processes are required if these strategies 
are to be executed? 

¢ Capabilities. What capabilities need to be operated and are 
needed to enhance these processes? 

¢ Stakeholder contribution. What contributions from stakeholders 
are required if these capabilities are to be maintained and developed? 


The first step in this process segments the market on the basis of the 
different stakeholders, such as the general public, agency employees, 
and regulators, each representing a different need. Once this is done, 
separate strategies, processes, and capabilities can be devised for 
each segment and tied to the overall objectives. 

The performance prism framework is important for several reasons: 
(a) it emphasizes the importance of devising strategies based on 
different groups of stakeholders, thus presenting a comprehensive 
picture that is representative of stakeholder concerns; (b) it considers 
the capabilities of each group of stakeholders and links them to spe- 
cific processes and overall strategies, thus forming casual relation- 
ships that can be achieved within certain organizational, technical, 
or political constraints; and (c) by realizing that stakeholders can 
also contribute to the process, the stakeholders themselves can help 
achieve their goals, thus forming a continuous-feedback process that 
can improve the system. This is particularly important, as many agree 
that sustainability objectives will be achieved jointly through tech- 
nology as well as changes in behavior. However, the performance 
prism framework can neglect the interrelationships among the dif- 
ferent objectives. The framework may also be too cumbersome to 
be implemented if there are many objectives, because it requires the 
realization of the needs of all stakeholders for each objective. 


Attributes of Robust Sustainability Performance 
Measurement Framework for Transportation 


The performance measurement frameworks described above were 
developed with specific needs in mind. In some cases, their devel- 
opment related to the perceived weaknesses and limitations of prior 
frameworks. In others, the frameworks were developed in response to 
specific organizational needs and requirements. However, these frame- 
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FIGURE 2 Balanced scorecard framework (78). 
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works have some common characteristics that should be included 
for consideration when a sustainability performance measurement 
framework is adopted: 


1. A comprehensive and holistic framework encompasses a 
balanced view of sustainability. A framework should be comprehen- 
sive, in the sense that it addresses all of the factors and variables that 
are important for achieving sustainability for a particular agency. 
The comprehensiveness is often limited by the availability of data 
or the high costs of data collection. However, it is important that a 
framework incorporate the most important factors in its approach. 
In addition, a balance among the different aspects of sustainability, 
like the triple-bottom-line framework, is necessary. 

2. A framework needs to be connected to the goals and objectives 
of an agency, thus giving a rationale for the causal relationships 
between agency action and the desired outcomes. Whenever possible, 
a framework should be based on an understanding of the linkages 
between strategies and the actual processes (responses) that are driven 
by pressures. Both the DPSIR and the performance prism frameworks 
emphasize this point. This attribute can also help with reducing or 
eliminating the double counting of measures, because each goal and 
objective is mapped through a causal chain. 

3. A framework should be integrated vertically and horizontally 
through an agency to allow more effective management. This attribute 
goes hand in hand with the first two by acting as the glue that holds 
an agency’s strategies together. It is understood that different per- 
formance measurement strategies may be used at different levels of 
control by different agencies, but only when they are tied together 
by acommon framework do they all function effectively. This is an 
important aspect of the balanced scorecard framework that measures 
performance in both the vertical (internal—-external) and horizontal 
(process—results) perspectives. 

4. A framework should provide the capability of capturing the 
effects of interactions among variables. Frameworks that capture the 
interactions among variables, for example, the triaxial framework for 
technological sustainability, can be important for identifying trade-offs 
and developing a stronger appreciation for what it would take to 
make substantive progress toward sustainability. Such frameworks 
may show that selected policies produce gains in a particular area at 
the expense of others and help bring out some of the confounding 
effects of different decisions. 

5. A framework should reflect stakeholders’ perspectives. Many 
state and other transportation agencies have adopted a customer and 
stakeholder focus in developing their actions and strategies. This 
suggests that, to be effective, a sustainability performance measure- 
ment framework should reflect the concepts of sustainability as defined 
by the customers. However, this could create problems when the 
desirable characteristics of a sustainable community run counter to 
the mandate and desires of a transportation agency. The stakeholder 
focus adopted in the influence-oriented and performance prism 
frameworks can be used to improve performance by encouraging all 
stakeholders to work together and create a more transparent strategy. 

6. A framework should consider the capabilities and constraints of 
the agency and those of its stakeholders. The performance prism 
framework explicitly recognizes the potentially limited abilities of 
organizations and stakeholders to support sustainability efforts. Only 
when the capabilities of the agency are understood can its constraints 
be recognized and realistic objectives established and achieved. 
When an agency does not have direct control over certain outcomes, 
it can work in collaboration with other agencies, as discussed in the 
section on influence-oriented frameworks. This attribute also works 
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hand in hand with the need for a comprehensive and holistic perspec- 
tive and horizontal integration, which is essential for interagency 
cooperation. 

7. A framework needs to be flexible and foster self-learning. 
Although it is not emphasized explicitly in the sustainability frame- 
works, the need for frameworks to be flexible and provide opportu- 
nities for organizations to learn from their experience reflects good 
management practice. This attribute recognizes that a framework is 
developed at one point in time and that changes in an organization or 
in an organization’s environment occur quite regularly. An effective 
performance management framework needs to have periodic feedback 
to recognize changes when they occur and to be modified to reflect 
the new organizational reality. 


Most of the attributes described above do apply to sustainability 
frameworks, but they also apply to performance measurement frame- 
works in general. This is important, because to have a robust sustain- 
ability framework, a robust general framework must first be achieved. 
Different agencies may have different priorities even in how they 
should go about achieving sustainability, and therefore, use of these 
general attributes can help to explain why their approaches look 
different across the board. With the increased use of sustainability 
frameworks, it is hoped that a set of robust attributes that specifically 
address sustainability will be realized in the near future. 


CASE STUDIES 


This section reviews three sustainable transport strategies and indi- 
cator systems at different levels of decision making. The intent of 
this review is to use the attributes identified in the previous section 
to demonstrate the utility of these frameworks for agencies interested 
in developing or improving their sustainable transport strategies and 
indicators. The three cases were chosen to represent different decision- 
making levels: a multinational level [the European Union (EU)], 
anational level (United Kingdom), and a state level (Texas DOT). 
This hierarchy is important because it reflects the vertical relation- 
ships of different strategies and recognizes the importance of aligning 
agency objectives vertically and horizontally to improve the over- 
all effectiveness of a strategy. In addition, it reflects the different 
challenges inherent in achieving robust sustainability frameworks 
at different scales of governance. 


European Union 


The EU has been one of the forerunners in the area of sustainability. 
In 2001, the European Commission, the executive arm of the EU, 
published a sustainable development strategy recognizing that 
“economic growth, social cohesion, and environmental protection 
must go hand in hand” (27). However, because of increasingly un- 
sustainable trends and new challenges, the report was reviewed and 
revised in 2006 to produce a list of short-term actions (22). The new 
report outlined the latest objectives of the European Council to 
achieve sustainable transport: “to ensure that our transport systems 
meet society’s economic, social, and environmental needs whilst 
minimizing their undesirable impacts on the economy, society, and 
the environment” (22). This statement was then translated into eight 
objectives that were to be used to measure the progress by member 
states. As listed below (22), these objectives reflect a range of issues 
affecting sustainable transport, and in the latest progress report, they 
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are measured by using a three-level rating scale that is based on the 
number of countries that have achieved the objective (23): 


1. Decouple economic growth and the demand for transport with 
the aim of reducing environmental impacts. 

2. Achieve sustainable levels of transport energy use and reduce 
transport greenhouse gas emissions. 

3. Reduce pollutant emissions from transport to levels that 
minimize effects on human health and the environment. 

4. Achieve a balanced shift toward environment-friendly transport 
modes to bring about a sustainable transport and mobility system. 

5. Reduce transport noise both at the source and through the use of 
mitigation measures to ensure that overall exposure levels minimize 
impacts on health. 

6. Modernize the EU framework for public passenger transport 
services to encourage better efficiency and performance by 2010. 

7. Inline with the EU strategy on CO, emissions from light-duty 
vehicles, achieve average CO, emission rates for new car fleets of 
140 g/km in 2008-2009 and 120 g/km in 2012. 

8. Halve road transport deaths by 2010 compared with the number 
in 2000. 


The 2008 progress report states that the overall objectives are not 
being achieved and that the actions taken by the EU and its member 
states will likely not be sufficient to reach the stated targets. This was 
attributed to (a) the lack of interconnectedness between objectives, 
(b) national strategies not aligning with EU strategies, and (c) some 
objectives being either too vague or too specific. 

In addition to the qualitative progress report, a biannual monitoring 
report that uses sustainable development indicators to monitor the 
strategy is produced. The indicator framework distinguishes among 
three levels of objectives that are based on 10 themes of the sustain- 
able development strategy. This indicator framework is important 
because it responds to different kinds of user needs, with headline 
indicators having the highest communication value (24). 

The EU also developed a transportation-specific strategy, described 
in the European Transport Policy for 2010 (25). In this strategy, the 
priorities of the transport sector are laid out in four broad categories: 
(a) shifting the balance between modes of transport, (b) eliminating 
bottlenecks, (c) placing users at the heart of transport policy, and 
(d) managing the globalization of transport. The 2005 extensive review 
of the strategy that was carried out involved hundreds of stakeholder 
organizations (26); it concluded that the most critical actions have 
not been implemented. 

The complexity of the EU framework means that it faces signifi- 
cant challenges in coordinating the implementation of strategies in 
all member states. Nevertheless, an examination of the EU strategy 
according to the seven attributes discussed earlier suggests that it is 
a robust framework. First, the sustainable development strategy 
recognized the need for a balanced framework that addresses the 
three primary aspects of sustainability. Second, casual linkages 
were not realized, which made the objectives seem to be either too 
vague or too specific. Although the strategy urged the member states 
to adopt comprehensive, cross-sectoral approaches to address 
challenges (horizontal and vertical integration), transport-specific 
strategies were not explicitly mapped to the overall sustainability 
strategy. Third, the framework emphasized that policies be coherent 
and mutually reinforce each other, thus capturing the effects of the 
interactions among variables. However, the actual implementation 
of this idea proved to be difficult, as reflected by the progress reports. 
Fourth, the stakeholders’ perspectives have been well represented in 
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the goals, yet it remains to be determined if there is a balanced rep- 
resentation of stakeholder groups. Sixth, the influence-based indicator 
framework in essence considers the capabilities and constraints of 
the agency itself and those of the stakeholders, as is also reflected 
through cooperation with other agencies. Lastly, because the frame- 
work undergoes frequent review and revision, it is apparent that the 
EU has adopted a proactive approach to improve its sustainability 
framework. In short, the EU has included many attributes for a 
robust framework in its strategies; however, it is important to link 
the objectives to actions that can be realistically implemented by 
member states. 


United Kingdom 


Like the EU, the United Kingdom has been a forerunner in sustain- 
able development, having first developed a sustainability strategy in 
1999. The latest version of the United Kingdom sustainable devel- 
opment strategy, Securing the Future (27), was formulated to reflect 
the needs of transport with the current state of the economy. The 
strategy explicitly discusses its alignment with the EU’s strategy 
and emphasizes the importance of developing indicators and setting 
up criteria for choosing those indicators. In addition, a core set of 
20 indicators was used in England, Wales, Northern Ireland, and 
Scotland to standardize performance measurement and integrate 
governance (28). But regional additions to the core set of indicators 
are allowed, and the 2008 update of the indicator framework adds 
48 indicators to encompass sustainability in the United Kingdom 
more comprehensively (29). For the 68 indicators, 128 measures are 
applied to quantify and report progress toward reaching the goals. 
This update also showed that more than half of the sustainability 
indicators improved from 1999 to 2008. 

In the latest sustainable transport strategy of the United Kingdom 
Department for Transport (DfT), five interlinked goals are presented 
to account for transport’s wider impact on climate change, health, 
quality of life, and the natural environment (30). Since the publication 
of the strategy, an annual action plan that highlights how DfT is 
tackling the objectives of Securing the Future has been published (3/). 
The action plan draws ties between the transport strategy objectives 
and the United Kingdom’ s overall sustainable development principles, 
as shown in Table 1 (3/). 

The DfT strategies were aimed at achieving 32 targets within a 
certain time frame. These are not sustainable indicator targets but, 
rather, progress targets for the completion of tasks, such as the imple- 


TABLE 1 Link Between DfT Strategies and Sustainable 
Development Principles (97) 


DfT Strategic Objective Linked SD Principle 


Living within environmental limits 
Using sound science responsibly 


Tackle climate change 


Contribute to better safety, 
security, and health 


Promote equality of 
opportunity 


Ensuring a strong, healthy, and just society 
Using sound science responsibly 

Ensuring a strong, healthy, and just society 
Promoting good governance 

Ensuring a strong, healthy, and just society 
Using sound science responsibly 


Improve quality of life 


Achieving a sustainable economy 
Ensuring a strong, healthy, and just society 


Support economic growth 


Note: SD = sustainable development. 
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mentation of a waste management program. This is perhaps because 
the measurement of sustainability performance is already covered 
in the national strategy, and thus, measurement at the departmental 
level is minimized. 

Examination of the strategy of the United Kingdom in light of 
the performance framework attributes shows a triple-bottom-line 
objective. Nevertheless, more emphasis could be given to determin- 
ing causal relationships. Perhaps the United Kingdom is the best 
example for policy integration, as on the horizontal level, the strate- 
gies are standardized among Wales, Scotland, and Northern Ireland, 
and on the vertical level, there is consistency between the overall 
strategy and the transport-specific strategy. In addition, the strate- 
gies address synergies among objectives by separating economic 
growth from cutting greenhouse gas emissions (which are combined 
in the EU strategy). This allows the United Kingdom to look at 
their effects individually and then identify interactions. Apart from 
maintaining a strong stakeholder focus, the agency is also taking 
a proactive approach to work with other government departments, 
recognizing its capacities and constraints. Lastly, the framework 
undergoes frequent review and revision to foster self-learning and 
actively uses other sustainability evaluation methodologies, such as 
the ecological footprint. The United Kingdom framework is robust, 
in that it is focused on effective integration and comprehensive 
strategies (29). 


Texas DOT 


As mentioned earlier, many state DOTs have included some element 
of sustainability in their DOT mission statements. Texas DOT has 
used many innovative efforts, such as the balanced scorecard frame- 
work, to incorporate sustainability measurements into statewide trans- 
portation plans, not just its mission statement. In Texas DOT’s latest 
strategic plan for 2009 to 2013 (32), the central vision is to “deliver 
a 21st century, multimodal transportation system that will improve the 
quality of life for Texas citizens and increase the competitive position 
of Texas industry.” The plan has five specific goals: (a) reducing 
congestion, (b) enhancing safety, (c) expanding economic opportunity, 
(d) improving air quality, and (e) preserving the value of transportation 
assets. To achieve the goals, four strategies are proposed: 


1. Use all available financial tools to build transportation projects. 

2. Empower local and regional leaders to solve local and regional 
transportation problems. 

3. Harness market-based principles to maximize competition, 
reduce costs, and guide investments. 

4. Facilitate consumer-driven decisions that respond to market 
forces. 


Texas DOT has taken a proactive stance and sponsored a project to 
develop sustainable transportation performance measures for moni- 
toring its strategic plan (33). The project used an MCDM approach 
to evaluate sustainability from a triple-bottom-line perspective by the 
use of measures corresponding to the five goals of the strategic plan. 
Use of this approach is important because it provides a systematic 
way for Texas DOT to evaluate its systems from a sustainability per- 
spective; it is relatively easy to use, especially for first-generation 
sustainability evaluations; and it can help prioritize objectives while 
encompassing the three areas of sustainability. 

Although Texas DOT’s strategic goals do not explicitly reflect 
all aspects of sustainability, the use of the proposed sustainability 
performance measures helps to express and monitor their environ- 
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mental, economic, and social objectives. With a triple-bottom-line 
indicator framework in place, the next step will be to create explicit 
linkages between the action items and the goals stated (particularly 
in measurable terms). As illustrated by the goals, the strategic plan 
emphasizes coordination and integration with local and regional 
priorities, which represents vertical integration. The fourth attribute 
of capturing synergies among different objectives can happen once 
balanced sustainability goals are developed. By taking into account 
public comments and working with other agencies, the framework 
has good stakeholder representation and considers the capacities 
and constraints of Texas DOT (fifth and sixth attributes). Last, if 
the comments from the public and other stakeholders are taken into 
account, the Texas DOT strategy will prove to be flexible and open 
to positive growth. Although Texas DOT’s framework is still being 
refined, it can build on its good foundation by reflecting a more 
comprehensive definition of sustainability. 


CONCLUSION 


This paper first reviewed different performance measurement frame- 
works and developed a set of attributes that would contribute to the 
formulation of a robust sustainable transportation framework. The 
attributes highlight the importance of addressing sustainability as a 
goal that is both vertically and horizontally integrated across the rel- 
evant agencies and organizations and the importance of linking 
sustainability visions to objectives and indicators with targets. In 
addition, effective objectives and indicators will provide a com- 
prehensive view of sustainability, will be linked to real concerns and 
pressures, will be able to consider synergies and constraints among 
different objectives, and will have prioritized objectives that are 
implementable. The characteristics of a good overall framework for 
the development of sustainable transportation strategies include a 
broad range of stakeholder input, allowance for growth through 
feedback and learning, and recognition of where constraints that 
make it necessary to coordinate strategies with other agencies exist. 
These attributes were applied to evaluate three sustainable transport 
strategies, in the EU, in the United Kingdom, and for TxDOT. Some 
general observations can be made about how well the case studies 
incorporated the attributes of a robust sustainability framework. First, 
all the strategies described in the case studies consider stakeholders’ 
perspectives and are subject to periodic reviews and feedback, which 
reflect good management practice. Second, the balanced view aspect 
of sustainability is achieved well in the EU and the United Kingdom, 
where sustainability initiatives have been around longer. Third, the 
horizontal and vertical integration of agency objectives seems to 
be related to the complexity of the governance structure. The United 
Kingdom has more successfully achieved integration because of its 
unitary form of government and because it has a fewer number of 
regions, but the EU faces more issues with coordination among its 
complex and varied member states. All strategies described in the 
case studies have also at least considered the capabilities and con- 
straints of the agencies and those of the stakeholder agencies and the 
importance of interagency cooperation. However, the interactions 
among different variables were mentioned only in the strategies of 
the EU and the United Kingdom, and no strategy has concrete actions 
that address this issue. Lastly, the attribute that seems to be the most 
difficult to address involves mapping out linkages between problems 
and strategies, which naturally requires more extensive efforts. 
Considering the plans reviewed, it is clear that the strategies of the 
EU and the United Kingdom have articulated clear sustainability 
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objectives, in addition to developing measurement systems to monitor 
progress, and have even gone as far as identifying the potential 
challenges to achieving these objectives. The EU experiences also 
highlight the importance of vertical integration for effective progress 
toward sustainability goals. These characteristics of what seems to 
have worked in these cases are important considerations for develop- 
ing a national sustainable transportation policy and similar policies 
at the state, regional, and local levels and can serve as pivotal points 
to examine how comprehensive sustainable transportation can best 
be accomplished in the United States. 
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Understanding Transport Demand 
Management and Its Role in Delivery 
of Sustainable Urban Transport 


Colin S. Black and Eric N. Schreffler 


Outdated notions of transport demand management (TDM) as a collec- 
tion of vaguely related initiatives are constraining the true potential of 
the concept. This paper explains how TDM is far more effective when it 
is framed as a philosophical approach that in time is likely to become a 
cornerstone of sustainable urban transport systems. A new paradigm 
internationally recognized as TDM is emerging in transport planning. 
This new paradigm embraces under its umbrella concepts commonly 
referred to as mobility management, smarter choices, and active travel 
management. Transport professionals worldwide have been collaborat- 
ing to update the understanding of TDM as a philosophy that underpins 
the approach to improving the sustainability of transport. A review of 
TDM internationally demonstrated the importance of combining a num- 
ber of key aspects to an effective strategy. Key to the successful transfer 
of sustainable urban transport policies is integrating the TDM philoso- 
phy into urban transport planning, as well as the daily management and 
operation of transport services and infrastructure. The paper presents 
a powerful policy tool developed to assist with this process of integra- 
tion, the Mobility Enhancement and Trip Reduction Index to Aid Com- 
parison (METRIC). METRIC is used internationally to benchmark 
comparative progress on the implementation of TDM. 


Broad and growing recognition that future plans to address urban 
mobility and accessibility needs cannot rely solely on expansion to 
transport infrastructure, be it roads, rails, or even smart cars, exists. 

A sustainable transport system will need to address near-term 
needs in a manner that does not compromise future generations’ 
ability to meet theirs. Therefore, the days of predict-and-provide 
transport planning and management are likely in the past. 

Many tools to address urban mobility and accessibility without 
expensive and environmentally controversial capital projects are 
available. It is astonishing that despite the seemingly empowering 
policy rhetoric of European countries in particular, most major 
capital projects are still funded and implemented without drawing 
on the range of proved initiatives and measures that are capable of 
significantly increasing the return on investment. 

One set of these tools is broadly titled transport demand management 
(TDM). Related concepts include 
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¢ Mobility management, 

e Travel awareness, 

e Smarter choices, 

e Travel planning, 

e Trip reduction programs, and 
e Active traffic management. 


All these concepts are part of a system to manage travel demand 
within a sustainable urban transport approach (J). The European 
Commission and many of member states of the European Union are 
working to adopt and integrate this approach (2). 

This paper defines and then presents TDM as a new paradigm for 
sustainable urban transport: a new philosophy for managing urban 
transportation. This concept is then expanded further with reference to 
a range of international experiences with managing travel demand. 
The paper then explores the importance of effective policy transfer 
through integration. To assist with this process, the paper presents a 
new tool for benchmarking, the Mobility Enhancement and Trip 
Reduction Index to Aid Comparison (METRIC), which is intended to 
help cities gauge their progress in maximizing the potential of their 
TDM strategy. The paper then concludes with practical recommenda- 
tions for transferring more holistic policy approaches to assist with the 
implementation of more sustainable systems of transport. 


WHAT IS TDM? 


In the United States, TDM has traditionally involved strategies to 
induce commuters to shift to higher-occupancy modes, such as 
carpooling, vanpooling, and public transport. 

In recent years the concept of TDM has become confused as a 
range of professionals specializing in different disciplines have 
attempted to redefine it in relation to their relevant sphere of knowl- 
edge. Although they are effectively dealing with the same issue, 
namely, managing demand, each discipline has become rather too 
narrowly focused. So, for example, engineers might view the issues 
from the perspective of traffic flow or reducing congestion, econo- 
mists may view the issues from a pricing perspective, computer 
specialists could view the issues as technological challenges, and 
marketing specialists frame the issues from a behavioral change 
perspective. To date, little appreciation of the concept of TDM 
as a philosophical approach that combines the specialisms of all 
disciplines to address policy objectives has existed. 

The traditional view of TDM is no longer consistent with the 
broad variety of measures being implemented in the United States 
and Europe to manage demand. According to a recent FHWA report, 
“demand management is designed to better balance people’s needs 
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to travel a particular route at a particular time with the capacity of 
available facilities to efficiently handle this demand” (3). 

A contemporary understanding of demand-side strategies is broader 
in scope than prior, more traditional views of TDM. Managing demand 
in the 21st century is about providing travelers, regardless of whether 
they drive alone, with travel choices, such as work location, route, 
time of travel, and mode. 

The European Commission has taken this concept further, in a 
green paper on urban mobility, calling for policy makers, planners, 
and transport managers to 


search for innovative and ambitious urban transport solutions with a 
view to arriving at a situation where towns and cities are less polluted 
and more accessible and where traffic within them flows more freely. 
Working together, we must seek ways of achieving better urban and 
suburban mobility, sustainable mobility, and mobility for all the inhab- 
itants of Europe, while allowing economic operators to play their role 
in our towns and cities. (4) 


Finally, TDM is recognized internationally as a supportive tool for 
mitigating the impacts of greenhouse gas (GHG) emissions. With the 
transport sector contributing almost a quarter of energy-related GHG 
emissions (with three-quarters of that coming from road vehicles), 
TDM is viewed as an important means to reduce private car use (5). 

The government of the United Kingdom, like many international 
governments, has recently started to embrace a wider perspective on 
the way to tackle transport issues by recognizing, in particular, the 
need to combine technological and behavioral change initiatives 
alongside each other (6). Although the political intention is clearly 
expressed, the understanding and commitment needed to implement 
the broad range of policy interventions required to realize the full 
benefits of TDM are less evident (7). The government of the United 
Kingdom, like most other governments, still appears to be far more 
comfortable dealing with technological approaches than the broad 
range of complementary initiatives required to deliver an effective 
TDM strategy. This apparent fixation with technology is evident 
across the range of initiatives designed to help tackle climate change 
(including those orientated toward the transport system) and evi- 
denced by the composition of the United Kingdom Committee on 
Climate Change. 

It is vital that the understanding be broadened and, thus, that TDM 
policies be adopted in more cities. This paper suggests reasons for 
this current failure to realize the potential of TDM and offers some 
key recommendations for tapping into the benefits of TDM. This is 
intended to help illuminate the circumstances under which an over- 
all TDM philosophy might be adopted as part of the sustainable urban 
transport policy of a city or metropolitan area. 


A NEW PARADIGM 


Managing travel demand has largely been compartmentalized as a 
set of soft measures used to promote sustainable travel options or pro- 
grams used to promote and offer shared-ride arrangements. Demand 
management means different things to different disciplines. To infor- 
mation technology specialists, managing demand is using new tech- 
nology to provide information; to operations managers, managing 
demand is controlling the flow onto highways; to economists, man- 
aging demand is pricing the system to find equilibrium with capacity; 
to marketers, managing demand is promoting innovative campaigns; 
and worst of all, to policy makers, managing demand is largely an 
unknown. It is therefore perhaps not surprising that the concept has 
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become confused as each discipline tries to mold the concept to its 
set of tools. 

This “silo” thinking inhibits the kind of policy integration that is 
needed to craft a truly sustainable urban transport solution strategy. 
Much confusion over what a sustainable transport system would com- 
prise remains. It is therefore helpful to consider different approaches 
to sustainable transport along a spectrum of viewpoints, ranging from 
weak to strong sustainability (8). Efforts to address the impact of trans- 
port on climate change to date have generally been largely focused on 
technology. The impact of this technology-led approach has been 
limited in the transport sector. TDM has the potential to move the 
transport sector from a position of weak to strong sustainability by 
combining behavioral change with technology improvements. 

In this context, TDM is understood to be a concept much broader 
than that assigned to mobility management or ridesharing. Implicit 
in the use of the term is the assumption that it is accompanied by 
the implementation of sustainable mobility and the introduction of 
full-cost pricing and organizational or structural measures to ensure 
that a broad range of complementary interventions work effectively 
together to realize the benefits of sustainable transport. It is the uni- 
fying philosophy of TDM, not the specific measures associated with 
it, that underpins the policy objective of a more sustainable system 
of transport. 

This philosophy of managing demand accepts that meeting unfet- 
tered demand for travel is impractical and that the system therefore 
needs to be managed. That demand for travel needs to be managed by 


e Expanding the supply and availability of (more sustainable) 
alternatives, 

e Controlling demand for the use of unsustainable modes, 

e Providing incentives and rewards for undertaking travel habits 
that use sustainable modes, and 

e Imposing full-cost pricing on the use of the automobile. 


Perhaps this philosophy is better understood simply as urban transport 
management, that is, obtaining a more appropriate balance in favor of 
needs over wants. Put simply, where transport used to be supplied to 
accommodate travel demand, travel must now be managed to use the 
available transport supply most efficiently. The following describes 
TDM’s key potential contributions to transportation sustainability 
on the basis of the authors’ experience and consistent with lessons 
learned from other comparative research findings (3): 


e TDM can reduce the need for new or wider roads. By persuad- 
ing people to drive less often, to closer destinations, outside of peak 
hours, or by using less busy routes, TDM can reduce the demand for 
new road infrastructure. 

e TDM makes personal travel decisions more efficient. Many 
drivers make travel decisions on the basis of poor information and a 
lack of experience with nonautomobile options. TDM improves their 
awareness and understanding of the options and their willingness to 
try them. 

e TDM maximizes the return on infrastructure spending. Studies 
have shown that good information can significantly increase ridership 
on new transit infrastructure and services and makes more efficient 
use of the existing road capacity. 

e TDM makes the most of current assets. It saves people money 
and time by helping them make efficient travel decisions. It improves 
health by promoting physical activity and the use of less polluting 
transport modes. It benefits employers by increasing productivity, 
reducing parking costs, and helping to attract and retain workers. 
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It promotes economic development by reducing congestion and 
enhancing worker mobility. 

e TDM is a versatile and dynamic management tool. TDM mea- 
sures can be customized for specific audiences (e.g., business park 
commuters), destinations (e.g., major hospitals), travel modes (e.g., 
cyclists), travel corridors (e.g., busy highways), trip purposes (e.g., 
school), and specific time frames (e.g., major events). They can be 
delivered in months rather than years. 

e TDM initiatives have multimodal benefits. TDM recognizes that 
people see alternatives to driving as a suite of options. Nondrivers 
tend to be public transport users, carpoolers, pedestrians, or cyclists 
at different times for different reasons. 

¢ TDM works at the scale of individuals but has huge power 
across a community. If every person who drives to work in a com- 
munity decided to leave his or her car at home just 1 day a month, 
the 5% reduction in commuter traffic could significantly ease daily 
congestion. 


COMPONENTS OF BROADER CONCEPT OF TDM 


A more comprehensive view of managing travel demand goes beyond 
traditional means to provide and promote commute alternatives 
(United States) or new soft measures in communications tools and 
partnership building (Europe) to fulfill the broader definition of bal- 
ancing people’s travel (and activity) needs with the capacities of the 
available facilities and services to meet these needs. In this broader 
approach, four types of strategies can be considered: 


¢ Operational (such as dynamic route information on highways), 

e Physical [such as auto restrictions in city centers or high- 
occupancy vehicle (HOV) lanes], 

e Financial and pricing (such as congestion charging), and 

¢ Organizational (such as sustainable travel planning). 


The next section provides a litany of examples of each of the strate- 
gies from Europe, the United States, and elsewhere in the world. Indi- 
vidually, the specific measures within each category can have a 
significant impact on local traffic at a work site, new development, 
corridor, or event venue. However, as will be argued in the next sec- 
tion, it is the integration of these measures into urban transport plans 
and the management and operation of the overall mobility system 
that are paramount. 


INTERNATIONAL EXPERIENCE WITH 
MANAGING TRAVEL DEMAND 


An international scanning study on managing travel demand to 
address congestion identified European examples of TDM strategies, 
organized into the four categories listed in the previous section: oper- 
ational, physical, financial, and institutional (9). That scanning study, 
along with examples from the United States and Japan, forms the 
basis of the experiences provided here. Additional information can be 
found in the report Managing Travel Demand: Applying European 
Perspectives to U.S. Practice (9). 


Operational Measures 


At the heart of operational measures to manage demand are enhanced 
choices and traveler information about those choices. Among the inter- 
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esting strategies, the scan team made a number of key observations, 
which are summarized here. 

Traffic management centers use real-time, dynamic information 
to manage the system and provide users with route choices during 
their trips. The ways in which they provide individualized and cus- 
tomized data from the centers to users vary among public, public— 
private, and private providers. Newer innovations include the 
provision of door-to-door pretrip, near-trip-time, and en route infor- 
mation on time, route, and mode choice. Integrated examples of 
real-time multimodal information systems include Stadtinfokéln 
(Cologne city information) in Cologne, Germany; Cooperation in the 
Greater Hague Region (SWINGH) in The Hague, Netherlands; and 
several 511 systems in the United States. 

Demand management is a key part of highway reconstruction 
used to mitigate the impacts of the disruption. In the Netherlands, the 
reconstruction of the A10 and A9 highways near Amsterdam incor- 
porated comprehensive mobility management programs to induce 
mode, time, and route shifting and included information on and incen- 
tives to use public transport to get to work during the construction 
period. 

Travel time prediction, based on recent (the past few hours) or 
archived (historic) data, is being developed in many countries. The 
national traffic information website includes both real-time and pre- 
dicted average speeds. The system in the Netherlands provides users 
with predictions of travel times on the highway at a given time of 
day. The system also informs the user of travel times during periods 
before and after the desired time. The system in Cologne, developed 
as part of Stadtinfok6ln, predicts travel times on public transit and 
roads and provides a comparison to users via in-vehicle or handheld 
information or signs near park-and-ride facilities. A similar system 
is in place and being enhanced in the San Francisco Bay Area in 
California. In all, travel time reliability is a significant issue and 
performance indicator in Europe, as it is in the United States. 

Planning for demand and traffic management during large-scale 
events has been undertaken in a comprehensive, coordinated fashion 
by using many management techniques. This includes the provision 
of traveler information and the use of traffic flow and diversion strate- 
gies (e.g., during the Silverstone Grand Prix event in England), 
closed highway segments as park-and-ride facilities (e.g., during 
World Youth Day in Cologne), integrated event and public transport 
tickets (during the Rotterdam, Netherlands, marathon and soccer 
matches in Germany), and schedule changes to free buses for use in 
shuttling visitors (e.g., in Rome after the death of Pope John Paul I). 

For many years it has been common in Europe to use overhead 
changeable signs for speed harmonization. Changeable speed signs 
and explanatory icons warn motorists before they reach queues 
or incidents. Variable speed limits for speed harmonization have 
recently been implemented in the United States in Northern Virginia; 
Orlando, Florida; and St. Louis, Missouri. 

Speed harmonization, use of the hard shoulder during congested 
periods, ramp metering, incident management, and real-time travel 
information are all being used together under the concept of active 
traffic management (such as on the M42 motorway near Birmingham, 
England) or dynamic traffic management (in the Netherlands). 

New public transport and shared-ride services are being devel- 
oped, such as taxisharing (Bristol, England) and carsharing (Rome, 
Cologne, etc.). Supportive park-and-ride facilities and improved 
express bus and rail services are being implemented. Although 
carpooling, vanpooling, and teleworking are still not widespread 
in Europe, they remain a significant share of commute trips in the 
United States. 
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Physical Measures 


Physical measures either restrict the use of cars in certain areas or dur- 
ing certain times of the day or involve strategic improvements to the 
transportation network to enhance system efficiency or provide new 
capacity for public transport or HOVs. The physical measures used 
in Europe and elsewhere to influence demand are summarized here. 

An access control system in Rome operates as a physical barrier by 
restricting vehicles from the historic core during much of the day. A 
limited number (150,000) of permits that allow access by some vehi- 
cles are sold. Rome also bans all cars without a catalytic converter 
from the core. Use of the access control zone has resulted in a 20% 
reduction in traffic during the restricted part of the day but has had an 
unintended effect of increasing the use of higher-polluting motor 
scooters. Access control is also being implemented on a more limited 
basis, such as weekend road closures (e.g., Ciclovia) to accommodate 
bicycling and walking in places such as Bogotaé, Colombia; New York 
City; and Mexico City, Mexico. 

Many cities are making improvements to their public transport sys- 
tems by building extensive park-and-ride facilities on the periphery of 
the city and offering express bus or rail service into the city center. 
The Ferrytoll park-and-ride system in Edinburgh, Scotland, includes 
dedicated access lanes to the facility and traffic queue management 
on the bus route to optimize bus travel times. Winchester, England, 
offers parking price discounts at its main park-and-ride facility for 
vehicles with lower emissions. Rome has built park-and-ride lots 
outside its green area and added 350 km of new urban rail lines. 

An HOV lane has been constructed on the M62 and M606 motor- 
ways in England in the city of Leeds to demonstrate the efficiency and 
effectiveness of such a facility to encourage ridesharing (carpools 
with two or more people). Bus lanes (which are indicated by red 
pavement in the United Kingdom) serve buses and other HOVs to 
Heathrow Airport in the United Kingdom and Schiphol Airport in the 
Netherlands. In the United States, some HOV lanes are being con- 
verted to high-occupancy toll lanes to allow single-occupant drivers 
to pay for unused capacity and cross-subsidize new public transport 
services. 

The Dutch are using the hard shoulder as peak hour lanes and nar- 
rower plus lanes in the median to enhance capacity during the most 
congested periods. These are accompanied by slower speed limits 
and have not resulted in any fatal accidents since being implemented. 
The hard shoulder is used as a bus-only lane during peak periods in 
Minneapolis, Minnesota. 


Financial and Pricing Measures 


Congestion pricing is widely acknowledged to be an effective 
demand management tool, but it is also being used to address envi- 
ronmental concerns, fund new public transport improvements, and 
preserve historic city centers. 

Congestion pricing schemes are being implemented to reduce con- 
gestion (London) and emissions (Stockholm, Sweden, and Rome), 
not primarily to raise revenue for transport or other uses. The alter- 
native to driving a car into the city center is mainly public transport, 
which carries 80% to 85% of peak hour commuters in London and 
Stockholm. 

In Sweden, the national legislature enacted a law requiring Stock- 
holm to implement a congestion tax for cars entering the city cen- 
ter. The pilot program was implemented in early 2006 for 7 months, 
although the enhanced transit component (which amounts to half of 
the $400 million budget) was implemented in August 2005. Users 
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pay the tax daily. A national referendum was held in September 2006, 
and the congestion tax was made permanent. An extensive evaluation 
effort was used to assess the pilot program, and it reported a 20% to 
25% reduction in traffic entering the core and resulting improve- 
ments in overall accessibility (travel times were reduced 30% to 
50%) and air quality (CO, levels decreased by 14% in the core and 
by 2.5% in the region) (/). 

Truck pricing systems have been implemented for trucks weigh- 
ing over 12 metric tons (European law; plans are to lower the limit 
to 3.5 tons) in several central European countries, including Switzer- 
land, Austria, and Germany. The payment and enforcement compo- 
nents of the German system are complicated and the system was 
plagued by implementation delays, but it is designed to reduce road 
damage resulting from wear and tear on the German autobahn net- 
work and to reduce the environmental and energy impacts of the 
growth in truck volumes throughout central Europe. 

Financial incentives are also being used as a demand management 
strategy. As part of a highway reconstruction project near Amsterdam, 
free monthly transit passes were distributed to area residents and 
workers to complement transit service improvements and employer- 
based TDM initiatives. Commuter incentive programs, provided to 
those using alternative modes, has been shown to be a popular and 
cost-effective means of reducing car trips in the United States in 
places like Atlanta, Georgia, and Los Angeles, California. 


Institutional Measures 


Demand management requires new partnerships, planning processes, 
and approaches to addressing traffic congestion. The ability to insti- 
tutionalize a demand management philosophy in supply-oriented 
organizations is a key factor in the success of the endeavor. 


Partnerships 


Traveler information is often gathered and compiled by the public 
sector and is disseminated by public and private operators. The traf- 
fic control center in Utrecht, Netherlands, for example, manages the 
system on one side of the building and disseminates information to 
providers through the information center on the other side. A new 
regional partnership, SWINGH, has been formed in The Hague to 
coordinate traveler and traffic management and information. 

New public-private partnerships have formed to address employee 
and visitor parking and commuting issues, such as the transport 
forums at all major airports in the United Kingdom and transportation 
management associations in the United States. 

One strategy used to manage demand is to better coordinate the 
timing and nature of travel, even for goods movement. The British, 
among others, have experimented with consolidated delivery schemes 
in which a subsidized carrier assembles deliveries from participating 
delivery companies at a peripheral location and delivers them to down- 
town merchants. This has resulted in a 65% reduction in the numbers 
of delivery vehicles in Bristol. 


Planning 


The Swedish and British are integrating travel demand management 
planning into transport and land use plans. The Swedish Road Admin- 
istration has adopted a four-stage principle that requires consideration 
of (a) demand management and mode shifting before considering 
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(b) efficiency or systems management, (c) minor improvements, or 
(d) new investment or major rebuilding. Finally, the governments of 
the United Kingdom and Sweden have developed best practice and 
planning guidelines for integrating demand management into site 
planning and approval for new developments, and many countries are 
requiring or recommending sustainable urban transport planning for 
larger urban areas. 

Individualized travel planning, also called travel blending, indi- 
vidualized marketing, or travel feedback services, are provided to 
residents in areas with the potential for increased public transport 
use, bicycling, and walking in many countries, including Japan, the 
United Kingdom, Germany, Australia, and the United States. 

The United Kingdom and Italy require all municipalities and large 
employers to develop and implement travel plans or trip reductions 
at work sites, as is the case in Washington State and Arizona. These 
regulations are implemented through the local government and pro- 
vide funding and technical assistance to local agencies. The British 
government has a school travel initiative to develop travel plans for 
all school sites in the United Kingdom by 2010. The smarter choices 
program in the United Kingdom projects that high-intensity soft 
demand management measures could reduce overall traffic levels by 
as much as 11% and that lower-intensity measures could reduce the 
levels by 2% to 3%. Soft measures include travel planning (sustain- 
able travel plans) for towns, employer work sites, schools, hospitals, 
and new developments. 


KEY TO POLICY TRANSFER: 
NEED FOR INTEGRATION 


The ranges of techniques, application settings, impacts, and interna- 
tional scope of the TDM measures cited in the previous section seem 
impressive. However, many TDM programs are viewed as a foot in 
the door and a way to get people to try to use more sustainable behav- 
ior with the hope that they can climb a virtuous ladder to achieve even 
more far-reaching behavioral changes. Some commentators suggest 
that an emphasis on changing attitudes to particular initiatives is 
flawed and that strategies should instead be refocused on influencing 
values. Crompton highlighted the importance of engaging values and 
self-identity as the basis for motivating proenvironmental behavioral 
change (/0). He argues that individuals who engage in behavior in 
pursuit of intrinsic goals (personal growth, emotional intimacy, or 
community involvement) tend to be more highly motivated and 
more persistent in engaging in this behavior than individuals moti- 
vated by extrinsic goals (for example, the acquisition of material 
goods, financial success, image, and social recognition). He there- 
fore suggests that motivations that are intrinsic are more likely to 
lead to proenvironmental behavior. 

Indeed, when the measures typically associated with TDM are 
considered in isolation, they can be fraught with contradictions. Car- 
sharing, for example, may not lead to net environmental benefits if 
the money that an individual saves by selling his or her own car and 
joining a carshare scheme is spent on, say, purchasing a time-share 
apartment in a distant place, resulting in a larger carbon footprint. 
Likewise, efforts to provide more flexibility to employees on when 
and where work make it harder to serve them with public transport 
and may break up existing shared-ride arrangements. 

Therefore, TDM needs to be set into context. No longer can 
reliance on forecasts of travel demand continue without having in 
place policies that modulate that demand and that require that all 
desired (and presumed) travel demands be met. The TDM philoso- 


85 


phy must rely on backcasting to determine the nature of the sustain- 
able future for this and future generations. Once it is known what 
this sustainable future might look like, plans and projects can be 
developed to achieve and work toward such a future. The gasoline 
price spike of 2008 revealed that drivers were willing to reduce their 
automobile use, if they were given a rational reason for doing so. 

How is this future vision of sustainable urban transport created and 
planned for, and then how is a transportation system operated with this 
new TDM philosophy? The answer may lie in the integration of these 
strategies into a cohesive, comprehensive approach to maximizing the 
intended effects. 


TDM Integration in Planning 


In the United States, TDM is often an afterthought to highway and 
public transit improvements. In some long-range planning exercises, 
unmet demand that cannot be satisfied with the funded infrastructure 
is assumed be reduced via TDM, without specifying how and with- 
out integrating the predicted behavioral responses into the planning 
process. 

One place that has created a vision of a sustainable transport future 
and implemented a plan to reach it is Lund, Sweden. Comprehensive, 
sustainable transport planning has been successfully undertaken 
in Lund (the so-called LundaMaTs, or the Lund Environmentally 
Friendly Transport plan), where travel growth (expressed as vehicle 
kilometers of travel) has been arrested while economic growth has 
continued. The integrated program included transit service improve- 
ments (a new bus rapid transit line), traffic management, bicycle and 
pedestrian improvements, and individualized marketing efforts to 
increase bus and bike use. The city of Lund bought land adjacent to 
the right-of-way of the bus line and is reselling the land to private 
interests for sustainable developments. The result of this process was 
a 2% to 4% reduction in per capita vehicle travel. Given that Lund 
is still growing, LundaMaTs showed that economic growth can be 
decoupled from transport growth. Increases in employment and pop- 
ulation were accommodated by growth in transit and bicycle use. The 
key to the success of the integrated plan was the involvement of 
stakeholders, including elected officials, early in the process (J/). 


TDM Integration into System Operations 


Congested highway networks and public transport systems have 
prompted transport managers to become mobility managers more 
than they are highway or transit operators. Efforts to provide pretrip 
traveler information, incentives for traveling during the shoulders of 
the peak periods, ramp metering, and congestion charging are more 
about managing demand than operating a facility. 

This role of demand manager comes on a rather ad hoc basis, how- 
ever, as most traffic engineers and managers do not see themselves as 
such. This philosophy of managing demand needs to be built into the 
plans and operating procedures at a systemic level. The urban trans- 
port system needs to be grounded in managing demand rather than 
falling back on it as a default. 

One city that has embraced the philosophy of managing demand 
is Rome. Rome’s mobility policy includes four key components: 


e Management of demand with access control and parking 
management; 

e A new institutional structure for public transport and traffic 
management; 
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e Complementary measures consisting of land use integration, 
clean fuels, and mobility management; and 

¢ Transport management of buses and cars using technology to 
provide real-time information. 


The plan is based on concentric rings that place greater restrictions 
on the automobile as one gets closer to the historic core (Figure 1). 
Cars are intercepted at suburban park-and-ride facilities as travel- 
ers transfer to regional trains. Higher-polluting cars are not allowed 
into the region without a blue permit (Bollino Blu). Parking is man- 
aged and priced within the next inner ring. Finally, Rome’s access 
control zone prohibits most cars from entering the historic core 
during the day. Holders of an entry permit must prove that they 
have an off-street parking space. Because the public transport oper- 
ations and the traffic management center are both within the same 
city agencies, they have better control of relative automobile and 
transit travel times. 

On the basis of this review of the need for and experience with 
integrating the demand management philosophy into urban transport, 
the authors believe that the following represent characteristics of 
effective integration in a city: 


e A genuine desire to reduce car use by reducing trips and vehi- 
cle miles traveled (as evidenced in the policies of many European 
cities); 

e A pervasive belief that economic growth can be decoupled 
from transport growth (as was evidenced in Lund, Sweden); 

e A consensus-building process to garner buy-in by politicians, 
technicians, and the traveling public (a key to the success in Lund); 
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e Regional goals to manage demand that are realistic and mea- 
surable (like those set for road pricing in London and Stockholm); 

¢ Serious treatment of both demand and supply solutions (both 
evident in the plan in Rome); 

¢ Commitment to implement a comprehensive package of strate- 
gies (e.g., LundaMaTs); 

e Targeting various travel markets with recognition that travel- 
ers are not generic (as with the new information partnership in The 
Hague); 

e Active management of the transport system and information on 
an ongoing basis (such as the British active traffic management 
installations); 

e Anevolution from project, site, or corridor programs to region- 
wide efforts (evidenced by the Dutch experience with operational 
strategies); 

e Evaluation of each strategy, synergistic impacts, and compar- 
ative cost-effectiveness (as was accomplished in the Stockholm trial 
evaluation); and 

¢ Feedback loops to improve plans and programs (as performed 
by new partnerships such as the transport forums in the United 
Kingdom). 


These characteristics may be part of the recipe for policy transfer to 
other cities, beyond those named here or others, such as the recipi- 
ents of the IDTP Sustainable Transport Award (New York; Bogota; 
Seoul, South Korea; Guayaquil, Ecuador). The ultimate realization 
of integration, however, would be a situation in which managing 
demand is simply the normal way of planning and operating the trans- 
port system and meeting the true needs of people. There is a long way 


FIGURE 1 Rome traffic management policy: greater restrictions closer to 
historic city core. [Source: Rome Agency for Mobility (ATAC) S.p.A.1 


Black and Schreffler 


to go to realize the TDM philosophy as the norm, but it begins with 
recognizing that a sustainable future requires a different approach to 
urban travel. The METRIC tool, described in the next section, offers 
a means to evaluate the progress of a city in adopting this overall 
philosophy of effectively managing demand. 


NEW TOOL FOR ASSESSING TDM 
INTEGRATION: METRIC 


One means of assessing the ability and readiness of cities to adopt the 
TDM philosophy and the resulting policy framework is to compare 
acity’s progress toward some standard that fulfills the characteristics 
enumerated in the previous section. Such a comparison can be aided 
by some sort of a progress report card. Ultimately, a comparative 
system will help formulate a common set of criteria for success. 

Why benchmark the progress of a city with a report card? It is not 
to judge good or bad but to elicit dialog to seek improvements in 
work toward a sustainable transport approach. Such a comparative 
tool is now available in the form of METRIC. 

Such tools have been used in transit peer reviews and assess- 
ments of bicycle-friendly communities, but METRIC is intended to 
bridge modal and disciplinary constructs to assess the full range of 
requirements for a sustainable transport system. 

By using the growing understanding of TDM, within the broader 
definition offered earlier in this paper, seven key components of 
a sustainable urban transport policy (and the type of enablers who 
will see them implemented) can be enumerated for the purposes of 
benchmarking: 


e Physical measures. Infrastructure to make demand management 
measures work (enlightened engineers). 

© Operational enhancements. Processes to manage or influence 
trips (applied information technologists). 

e Financial mechanisms. Using economic instruments such as pric- 
ing of scarce commodities (parking, use of highway routes, peak-hour 
entry into cities, etc.) to affect trip choice (exciting economists). 

e Organizational support. Institutional integration (marvelous 
marketers). 

¢ Political will. Commitment to address obstacles and provide 
adequate funding (progressive politicians). 

e Research program. Analysis to evaluate performance (reality 
researchers). 

e Integration. Application across broad range of operational levels 
(out-of-the-box thinkers). 


The METRIC assessment process involves a detailed internal review 
of local experience with the seven areas enumerated above. This 
review includes several hundred individual measures that can con- 
tribute to sustainable transport. For example, the financial category 
has 17 individual measures that might be employed within a region, 
such as road tolling, parking pricing, incentives for using alternative 
modes, and tax measures. Each initiative or measure within the cat- 
egory can be evaluated on a seven-point differential scale, or it can 
be evaluated less formally if that is desired. Weighting is then applied 
to specific sections, as agreed to by recognized international experts 
on the METRIC panel. The assessment includes both qualitative and 
quantitative data, and each of the seven sections is summarized into 
a report card. 

The report card is a consumer report type of summary that shows 
at a glance how a city is doing in implementing a full range of 
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TABLE 1 Sample METRIC Report Cards Indicating 
TDM Strengths and Weaknesses in London and 
Washington, D.C. 


Performance Criteria London Washington, D.C. 


Physical ° ° 
Operational 
Financial 
Organizational 
Research 
Political 
Integration 


0o00@8@0 
0o0@@e00 


Norte: @ = international good practice; G = making good 
progress; O= limited progress to date; O = affecting ability 
to progress. 


demand management strategies with an integrated approach. The 
developers of the tool have applied METRIC to several cities, and 
more cities have voiced interest in its application. Some corporate 
interests are also looking to use METRIC to assess which cities are 
moving toward sustainable transport in an integrated fashion. 

In time, the report cards are intended to demonstrate the particular 
strengths and weaknesses of the TDM strategies being implemented 
in cities and regions. This will help transport practitioners identify 
opportunities to transfer knowledge and assist with the implementa- 
tion of more holistic policy approaches, which will help facilitate the 
implementation of more sustainable systems of transport. 

Table 1 provides examples of the METRIC report cards for two 
cities with which the authors are particularly familiar. 

In London there has been good progress on mobility management, 
particularly in the form of travel planning. The congestion charge 
scheme has also been implemented, and there has been significant 
investment in alternative modes of travel. Although the transit system 
is of high quality, it is evident that more infrastructure investment is 
required to facilitate the mode shift away from single-occupancy- 
vehicle use, especially in the outer areas. Perhaps surprisingly, 
research that demonstrates the positive impact of the TDM strategies 
remains limited. London has a strong mayor in place, but political 
support for TDM is patchy between boroughs. Within Transport for 
London, it is evident that silo thinking continues to limit the potential. 

Conversely, in Washington, D.C., the commuter connections pro- 
gram is internationally recognized and the TDM function is housed 
within the regional planning agency, which enhances integration. 
That agency works closely with the subregional partners and is sup- 
ported by two states and the District of Columbia. A triennial evalu- 
ation is in place, and impressive results have been reported. The ethos 
of the approach is to focus on financial incentives and not pricing. 

Over time, a broad range of cities will be approached to encourage 
participation and to share their experiences. Application of the MET- 
RIC approach has the potential to allow practitioners and policy mak- 
ers to identify quickly opportunities to build on good practice and 
will encourage cities to reevaluate their current TDM strategies to 
maximize the potential of TDM. 


CONCLUSIONS AND RECOMMENDATIONS 
It is evident that outdated notions of TDM as a jumble of tenuously 


linked policies, initiatives, measures, and schemes is constraining the 
true potential of the concept. TDM is far more effective when it is 
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framed as a philosophical approach representing a paradigm shift 
from the past, when a philosophy of predict and provide prevailed. In 
time, this broader definition of TDM will become a cornerstone of 
sustainable urban transport systems. 

The effectiveness of TDM becomes most diluted when the philoso- 
phies are confused. This occurs, for example, when a new road 
bypassing a town is constructed without consideration of how the 
capacity benefits might be locked in or how an enhanced return on 
investment might be achieved through an effective TDM strategy. 

The first comprehensive review of international experience has 
discovered that a broad range of new and innovative TDM strategies 
being implemented throughout the world. From this scan of TDM 
internationally, it is evident that the approach is most effective when 
it is implemented to include four main types of strategies: opera- 
tional, physical, financial, and organizational. The effectiveness of 
a holistic TDM strategy is further bolstered when it is combined 
with strong political support, which helps to address institutional 
obstacles and which ensures that adequate funding is allocated. The 
momentum of implementation is thus maintained, and in combina- 
tion with a robust research program, this enables analyses to evalu- 
ate the performance of the program and provide evidence of a strong 
return on investment. 

The key to the successful transfer of sustainable urban transport 
policies is integrating the TDM philosophy into urban transport plan- 
ning as well as the daily management and operation of transport ser- 
vices and infrastructure. Unlocking the potential of TDM relies on 
effective integration. TDM strategies operating independently in a 
specific disciplinary silo, such as traffic engineering, are less effec- 
tive, as they are unable to tap into the complementary benefits of par- 
allel TDM initiatives, such as travel planning. Understanding TDM 
as a broader concept has an enormous potential to improve integra- 
tion by encouraging transport professionals across the spectrum to 
work together toward achieving common objectives. Once this shift 
in thinking takes place, researchers will be able to document the rea- 
sons why certain regions are able to recognize the need and change 
their demand management strategies to be more broadly based. This 
will assist with the development of guidance and messaging to help 
other cities adopt this broader view of managing demand. 

To assist with this process of integration, a useful policy tool, MET- 
RIC, has been developed to help cities gauge their progress in maxi- 
mizing the potential of their TDM strategies. The initial response to 
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METRIC has been positive, and to date it has been used in a wide 
range of strategic transportation studies in North America and Europe. 
The TDM evaluation process that it uses helps foster a greater practi- 
cal understanding of the potential to enhance the effectiveness of 
TDM at the local level. The resulting report card provides a graphical 
illustration of this potential, the effectiveness of TDM in that city can 
quickly be compared with that in other cities and regions. This has 
proved to be a particularly powerful way to garner political support 
and to discourage leading cities of the world from resting on their 
laurels. 
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Transfer of Innovative Policies Between 
Cities to Promote Sustainability 


Case Study Evidence 


Greg Marsden, Karen Trapenberg Frick, Anthony D. May, 


and Elizabeth Deakin 


This paper describes how cities approach the challenging task of identify- 
ing, considering, and adopting innovative transport policies. Drawing on 
political science literature, the paper begins by establishing a framework 
for analyzing the process of policy transfer and policy learning. Cities were 
selected on the basis of their reputation for having adopted innovative 
policies. Data were collected from project reports and in-depth interviews 
with 40 professionals comprising planners, consultants, and operators in 
11 cities across North America and northern Europe. This paper presents 
the findings from three key innovations: congestion charging, compact 
growth and transport planning, and carsharing. Each of these innovations 
was implemented at several sites, and there was evidence of learning 
across the sites studied. The case studies present a discussion of each 
policy alongside indications of its positive and negative impacts and then 
examine how the different cities approached the task of learning about 
how to introduce it and the issues that they faced. The paper identifies 
conditions that appear to support effective learning: reliance on strong 
networks of personal and professional contacts, drawing lessons from 
multiple sites, and financial and institutional support to facilitate the 
uptake of risky or technologically immature innovations. 


New policy initiatives that challenge or change the way that people 
travel can be difficult to implement. Building political consensus for 
potentially risky policies, developing local understanding of policy 
impacts, developing the necessary skills base to implement a proj- 
ect, and making any formal legal or institutional change can all act 
as serious barriers. It is therefore critical, when cities attempt to 
introduce such initiatives, that other cities learn from them. Several 
approaches have been developed to try to help facilitate the spread 
of these new practices, including guidebooks, web-based communi- 
ties of practice, and scanning visits, yet the pace of transfer seems 
to be slow, given the urgency of issues such as climate change, road 
safety, and congestion. 

This paper reports on the process of adopting transportation pol- 
icy interventions in North American and northern European cities. It 
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draws on evidence from interviews with 40 practitioners in 11 cities. 
The paper is organized around the adoption of three key innovations 
that were identified to be key policies at several sites: 


¢ Congestion charging, 
¢ Compact growth and transport planning, and 
e Carsharing. 


The paper begins by presenting the methodological approach to study- 
ing policy transfer and describes the city sample. Each of the three 
innovations is then described and the process of policy learning and 
adoption is discussed. The paper concludes by looking for generic con- 
ditions that support the identification, evaluation, and implementation 
of these policies in the cities studied. 


METHODS AND DATA 


Policy transfer is a process and therefore requires investigation with 
agents involved in any particular transfer process (J). The focus of 
this research was city-to-city transfer, as the most serious transport 
problems are typically clustered in major urban areas. The research 
design focused on cities in northern Europe and North America with 
core populations of over 250,000 and a wider metropolitan area of at 
least half a million. The literature suggests that one enabler to adopt- 
ing new policies may be the personnel and resource capacity within 
an organization, which would be expected to be found in cities of at 
least this size (2). The cities chosen were also the central cities of 
their regions. Within that sample, the cities selected were those that 
were identified as having tried and succeeded with some leading edge 
transport policies. The focus was not solely on success stories, as the 
cities selected have also experienced some policy failures over time, 
and lessons from the failures are equally valuable. The literature sug- 
gests that policy innovations are most likely to be adjusted and tai- 
lored more specifically to local needs by early adopters or pioneer 
cities that take a more proactive role in the policy learning process (3). 
More detailed consideration of the transfer process was therefore 
likely to be evident in these cities. Site selection was made by the 
research team on the basis of the available databases of policy inno- 
vations and judgment based on experience within the given context. 
Eleven cities (seven in northern Europe and four in North America) 
were studied, and the sites are listed in Table 1. 

Data were collected for each city through interviews and document 
review. The interviews were conducted by use of a semistructured 
approach that allowed issues not considered by the research team to be 
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TABLE 1 Case Study Cities 
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Population 
City Metropolitan 

Site (thousands) Area(millions) Innovations Known at Time of Site Selection 

Lyon, France 415 1.78 Highly integrated public transport system with bus, trolley bus, metro, and rail; advanced 
information systems and ticketing; early adopter of driverless metro system; rent-a-bike 
system and school travel initiatives; home of research institute CERTU 

Nancy, France 260 0.5 Rubber-tired tram, integrated fares policy 

Edinburgh, Scotland 450 0.78 Held a referendum on congestion charging; early adopter of high priority bus corridors; planning 
a tram implementation project; United Kingdom leading car club city 

Leeds, England 443 1.5 Early adopter of HOV lanes, home zones, and safe routes to school; major hub for commercial 
car share; involved in several road pricing studies; recent failed tram proposal with trolley 
bus system now under consideration 

Bremen, Germany 546 2.37 Participant in multicity project with carsharing, introduction of some CNG stations, environ- 
mentally friendly delivery vehicles, tram—bus integration, and environmental residential zones 

Stockholm, Sweden 744 1.95 Active adopter of sustainable travel measures such as cleaner bus fleet (ethanol buses), smart- 
cards, carsharing, safe routes to school; one of few cities adopting congestion charging; 
environmental restrictions around central area and a freight consolidation center 

Copenhagen, Denmark 656 1.6 High levels of cycle use, public cycle rental, and evidence of policy transfer to other cities; 
urban rail, bus, and metro system; famous finger-plan land use approach; host of Walk 21 
conference and major pedestrianization; adoption of high-quality bus corridors 

Seattle, Washington 582 3.9 High-quality transit service and transit information, early visioning process for multiple dense 
centers (1970s and 1980s), creative use of density bonuses for transit, use of highway 
shoulders for bus lanes 

Dallas, Texas 1,230 6.15 Healthy core downtown with high-rise buildings, free market transit-oriented development 
sites along light rail 

San Francisco, California 765 7.3 Congestion pricing proposals, multimodal transit and pedestrian/bicycle planning and issues, 
parking management, carsharing; complex institutional dynamics due to numerous cities 
and transportation agencies in the metropolitan area 

Vancouver, Canada 600 2.5 Significant transit service, high-quality design for buildings and overall sites, long-term strate- 


gies for high-density urban development/infill coordinated with transit and to build markets 
for transit, traffic calming, busways 


Nore: CERTU = Le Centre d’Etudes sur les Réseaux, les Transports, 1’Urbanisme et les Constructions Publiques (part of the Environment Roundtable of the French 


Government); CNG = compressed natural gas; HOV = high-occupancy vehicle. 


raised. The research is qualitative in nature, and the interview process 
allows rich insights into the processes involved. However, some 
important limitations need to be acknowledged: 


e The cities were purposively sampled, as described above, and 
extrapolations to cities with significantly different contexts would 
be risky (4). 

e The research team identified the key innovations to be discussed. 
The cities, for practical reasons, determined who would be inter- 
viewed, to a large degree. The authors experienced few difficulties in 
accessing individuals important to the implementation process. How- 
ever, the answers obtained will, to some extent, be dependent on the 
selection of interviewees. 

e Policies can be considered and adopted in a matter of weeks 
(e.g., behavioral change campaigns) or over many decades (e.g., the 
London congestion charge). The study described here was conducted 
over a 6-month period, in late 2008 and early 2009, and relied on the 
recollections of individuals over sometimes significant time spans. 


Qualitative comparisons of the strength of occurrence of specific find- 
ings in each city were recorded, and key quotations and comments are 
used to support and challenge the overall findings. The full project 
report and analysis can be found elsewhere (5, 6). This paper illustrates 
the insights that the study of policy transfer has provided through three 
implementation case studies. 


CONGESTION CHARGING 
Background 


Congestion charging has long been discussed as an economically effi- 
cient way of charging drivers for the external congestion costs that 
they impose on other road users in urban areas (7, 8). Although con- 
gestion charging strategies are attractive to cities as a result of the dual 
congestion reduction and revenue-raising potential that they hold, 
public acceptability issues have limited their introduction. Although 
various road tolling systems have been in operation for some time, the 
only major urban implementation of a congestion-based scheme was, 
until 2003, in Singapore. 

In 2003, London introduced an area-based charging system, which 
charged motorists £5 ($7.50) per day for traveling within the central 
area of 21 km’. The scheme is reported to have achieved a 30% 
reduction in congestion initially with increases in bus patronage and 
improvements in service reliability (9). The strategy has now been 
extended to the west part of the city, and the charge increased to $12. 
Interestingly, the congestion benefits have eroded over time and are 
now similar to the precharge levels of 2002, even with the higher fee. 
This is thought to be the result of road works and the reallocation of 
road space to public transport, pedestrians, and cyclists (9). 

In 2006, Stockholm, Sweden, introduced a 6-month cordon-based 
charging pilot scheme covering an area of central Stockholm of 
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30 km”. Drivers pay a sliding scale of up to $2.25 each time they 
cross the cordon during the day (up to a maximum charge of $6.75). 
After a public referendum, the charge was introduced on a permanent 
basis in August 2007 (/0). The results of the Stockholm charging 
trial suggest that traffic was reduced by 20% to 25%, accompanied 
by the associated increases in reliability on links into and within the 
area (10). 

The schemes used in London and Stockholm can be seen as 
examples of innovation in delivering this complex and controversial 
policy into a political environment quite different from that in Sin- 
gapore. Other cities are looking to see whether this solution might 
also be an option. The selection of cities in the sample for this study 
allowed this to be considered from the following perspectives: 


1. Stockholm as an implementer was able to describe how it had 
approached the implementation and what it had learned from London. 

2. Edinburgh, Scotland, proposed a two-cordon charging project 
to tackle rising congestion and to help fund an ambitious future pub- 
lic transport expansion. The proposal was developed up to the design 
stage, and then in 2005, the city held a public referendum on it. The 
voters rejected the proposal that led to its abandonment by the city 
council, which, by law, had to demonstrate public support for the 
proposal (71). Edinburgh was able to describe how it had approached 
the design of congestion pricing and why it had failed. 

3. San Francisco, California, and Copenhagen, Denmark, are 
actively researching the potential for the implementation of congestion 
pricing and were able to describe what they are learning from London 
and Stockholm and elsewhere. 


Approaches to Learning 


Stockholm had been debating the introduction of a congestion charge 
since the 1970s, although it was stated in the interviews that there 
were no active plans in 2002, when the national political parties 
agreed to propose cordon pricing for the city of Stockholm. The pro- 
posal came before London’s congestion pricing project was intro- 
duced, and there appeared to be little direct contact between London 
and Stockholm at that stage. The implementation of congestion pric- 
ing in Stockholm was initially planned for 2004 (although that was 
subsequently delayed to 2006), and this required an intensive plan- 
ning process. The experience in London clearly provided an opportu- 
nity from which to learn. There has been good information exchange 
between the two cities, yet little direct transfer of London’s technol- 
ogy appears to have occurred. The London scheme was implemented 
over a short timescale and tracked movements within the charged 
area as well as across a cordon. Technological advances were made 
in the period between the London and Stockholm implementations, 
such that the number plate recognition software adopted in Stock- 
holm was an improvement on that used in London. Stockholm 
adopted some evaluation approaches found in London (e.g., identify- 
ing the need for a clear business impacts assessment, which had 
not initially been included in the London evaluation but which was 
subsequently required). The staff of the two cities also discussed 
some operational concerns, such as the length of time necessary to 
see the true impacts of the project. Stockholm also wished to adopt 
an approach to payment similar to that used in London, whereby 
motorists had the immediate feeling of having to pay the charge. 
Another feature of the London scheme that has been adopted in 
Stockholm is the exemption for clean vehicles, which comprise 12% 
of the cars crossing the cordon. 
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The Edinburgh congestion charging proposal developed over a 
period of about 10 years, from the time of its first discussion in a 
regional transport strategy. Unlike the Stockholm system, in which 
the primary mandate was political (at the national level), the Edin- 
burgh interviewees believed that the main momentum for the con- 
gestion charge came from the local staff. Although local politicians 
provided some support for the scheme, the lack of political lead on 
the charge was part of the reason for its failure to win public support. 
Edinburgh was involved in European projects that included London 
and Stockholm and that helped to facilitate visits and the exchange 
of knowledge. The officials learned a lot about the back-office man- 
agement of a congestion charge. Ultimately, however, the different 
political process that was adopted to seek approval for the project 
in Edinburgh meant that the learning was not put into practice. At the 
time of the interviews in Edinburgh, Manchester, United Kingdom, 
was also holding a public referendum on its congestion pricing 
proposal. Officials from Manchester had not visited Edinburgh to 
discuss the reasons for the failure of its scheme or to discuss how 
this might affect the development of a proposal to the public. The 
Manchester scheme was rejected by a similarly large proportion of 
voters (12). 

San Francisco has been pursuing congestion pricing to address 
increasing traffic congestion and improve transit service. In 2005, 
the city received $1 million in federal funds to develop a cordon 
pricing plan for its downtown. As part of a larger regional grant from 
the U.S. Department of Transportation, it was also set to receive fed- 
eral funds for a congestion pricing experiment on a major city facil- 
ity, Doyle Drive, which connects the Golden Gate Bridge to San 
Francisco. At the time of the interview, San Francisco was explor- 
ing options for pricing the Doyle Drive corridor and developing an 
aggressive study approach for cordon-based congestion pricing. 
However, as of this writing, pricing in the Doyle Drive corridor has 
been shelved because the region achieved consensus on an alterna- 
tive funding plan for Doyle Drive and agreement that San Francisco 
would not pursue congestion pricing for the North Bay—Doyle Drive 
corridor unless it forms part of a citywide pricing system design. 

A San Francisco interviewee stated that the London and Stock- 
holm pricing examples were viewed as relevant because western 
democracies implemented them (as opposed to the case in Singa- 
pore). Importantly, Stockholm’s use of an initial pilot scheme was 
appealing. According to an interviewee, “pilots are less threatening,” 
and these can be monitored and evaluated before the city commits to 
long-term implementation. San Francisco’s pricing materials (Power- 
Point presentations, reports, fact sheets) also feature European exam- 
ples to demonstrate to the public and key stakeholders that pricing is 
not a new concept and has succeeded in the real world. Key elected 
and senior officials in San Francisco also conducted a study tour to 
meet with their counterparts in London. 

Copenhagen is currently considering the implementation of a con- 
gestion charging scheme (13). Its motivation is the forecast growth 
in vehicular traffic (20% to 35% over the next decade), which comes 
on the back of about 20 years of almost zero growth (because of the 
combination of good planning, high vehicle taxes, and low rates of 
economic growth). The central area of Copenhagen has a high-quality 
urban environment and little space to expand vehicular capacity. 
There would need to be a change in national law to make a charge pos- 
sible. Hence, the city is at the stage of conducting a feasibility study 
of different designs with surrounding local authorities to develop a 
case to present to the national government. As there has been no sig- 
nificant congestion pressure in the past 20 years, congestion charging 
was not seriously considered before now. Officials in Copenhagen 
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reported good contacts with officials in London and Stockholm and 
noted that the technology suppliers were also keen (for obvious rea- 
sons) to demonstrate their experiences in the two cities. The local 
officials involved in the charge investigation suggested that the 
design of the cordons, operation times, and exemptions were locally 
specific matters and that the amount of knowledge learned from 
others was likely to be limited. The main opportunities for learning 
were in back-office operations, as congestion charging schemes are, 
in their view, complex information technology (IT) projects. So, for 
example, Copenhagen was learning from Stockholm about how it 
managed the contracts with the system suppliers and what it would 
do differently. 

Although the interaction among staff members is important, 
Stockholm officials reported that interactions with elected politi- 
cians have also been frequent, as they look to evaluate whether this 
controversial policy might work for them. Since 2007, Stockholm 
has hosted the mayor of Copenhagen; the leaders of New York and 
Chicago, Illinois; a cabinet member from Montreal, Quebec, Canada; 
the leader of the Manchester City Council; and elected politicians 
from Gothenburg, Sweden; Prague, Czech Republic; and Berlin. It 
was suggested that these top-level contacts were important in estab- 
lishing trust among the visiting politicians in the technical presenta- 
tions that they subsequently received (i.e., they had the opportunity 
to quiz the people in their positions about the realities). 


COMPACT GROWTH AND 
TRANSPORT PLANNING 


Background 


Cities and regions throughout the world are grappling with how to 
coordinate transportation and land use planning in the face of climate 
change. Much research has examined smart growth and transit- 
oriented development (/4); and the U.S. federal government recently 
launched a major sustainability initiative to coordinate federal trans- 
portation, housing, and environmental policies (15). Far less is known 
of how knowledge of such planning efforts is transferred between 
local areas (16). The research described here focused on innovative 
planning in Dallas, Texas; Seattle, Washington; and Vancouver, 
British Columbia, Canada, and examined the extent to which infor- 
mation is sought, transferred, and disseminated. A major focus in 
these plans is on compact development, sustainability and livability, 
and substantially enhanced pedestrian and bicycle networks. Accord- 
ing to the interviewees, all three cities were motivated to discourage 
dispersed low-density development, in which solo driving would 
be necessitated. This example of disenchantment with auto-oriented 
cities is an important part of a city’s motivation for improvement 
and city-to-city learning. 

The City of Dallas adopted a new plan called “forwardDallas!” in 
2006. An interviewee stated that the plan “marked a milestone for 
change.” Before adoption of the plan, urban development projects 
were approved and built on a case-by-case basis, and many of them 
were entirely auto dependent. The city had been growing so fast that 
“{t had never been a problem to attract growth, but we had no long- 
term strategy to position the city,” stated an interviewee. However, 
some developer-driven projects of a notably different type were 
built: higher-density mixed-use projects adjacent to rail stations. 
These projects demonstrated to the planning community and the 
broader public that a market for such projects existed. With this 
backdrop, the City of Dallas adopted the forwardDallas! plan. It 


Transportation Research Record 2163 


makes a clear public statement that transit-oriented and sustainable 
neighborhoods and development are a priority of the Dallas City 
Council. In addition, the Dallas Area Rapid Transit District recently 
adopted a transit-oriented development (TOD) policy to institution- 
alize TOD as an agency activity. 

Whereas Dallas is at the beginning stages of comprehensive plan- 
ning, Vancouver has undergone a major transformation because of 
its city planning efforts over the last two decades. The city has 
focused on substantial intensification of residential and mixed-use 
development; the provision of inviting public spaces; and trans- 
portation improvements to encourage travel by transit, walking, and 
bicycling. In 1991, the City of Vancouver adopted the Central Area 
Plan, which set “living first” in downtown as a major priority. As a 
result, the plan limited zoning for commercial development to one- 
third of the original area and encouraged high-density housing, 
mixed-use development, and pedestrian amenities, particularly along 
the waterfront. From 1991 to 2001, the population of downtown 
residents increased by 60% to 76,000 (17). 

The city later adopted the 1997 Vancouver Transportation Plan. 
The plan had two main policies: (a) any growth in travel was to be 
accommodated by alternative transportation modes (transit, walking, 
and bicycling) and not the auto and (b) road capacity was not to 
increase. “Every day, every staff member is acutely aware [of these 
two policies],” commented an interviewee. Key themes are integra- 
tion of transit modes, extensive walking and bicycling network 
improvements, and parking management. The approach is also inte- 
grated into activities such as street maintenance so that opportunities 
to improve options for nonautomobile travel are not missed. Over 
the past decade, walking trips have increased by 44%, bike trips by 
180%, and transit by 20%. Furthermore, vehicle trips have declined 
by 10% and are only 10% of all trips within downtown (/8). 

Also motivated to counter auto-oriented travel and development, 
the city of Seattle recently developed a comprehensive plan with 
designated compact urban villages and supportive alternative trans- 
portation mode strategies. A recent funding program assists with 
implementation of the related land use and transport plans. Adopted 
in 2006, the 9-year funding program is called Bridging the Gap and 
provides $544 million to fund transportation projects and programs. 
Approximately $365 million is generated from a transportation levy 
(a property tax that costs $36 per $100,000 in the assessed value, or 
$144 on a $400,000 house). The balance comes from $127.5 million 
from a commercial parking tax and $51.5 million from a business 
tax. In conjunction with other city dollars, the program funds capi- 
tal projects, street and bridge maintenance and repair, transit service, 
and projects in the city’s pedestrian and bicycle plan. Funds also are 
designated for street tree planting and maintenance and to provide 
safe routes to schools (19). According to an interviewee, this pro- 
gram has allowed the city of Seattle to move forward on its livable 
community and transit-oriented development goals of directing 
growth to its downtown and key urban centers. 


Approaches to Learning 


The policy board in each case study city has made choices about the 
city’s future because of increasing concerns over the impacts of 
auto-oriented development. As a result, city officials look for new 
innovations from a different vantage point: 


¢ Dallas was moving toward the adoption of new planning poli- 
cies because of growing traffic congestion and recognition of an 
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emerging TOD market. Dallas looked to the practices of other cities 
combined. 

e Vancouver has been successful at achieving compact growth 
and the use of alternative transport modes, and staff are motivated 
to search for innovative strategies from elsewhere to continue its 
success. 

e Seattle was interested in strengthening its downtown and other 
core areas. Similar to Vancouver, it is often looked to as a model, 
but staff seek to learn from other cities about specific issues such as 
parking management and bicycle network design. 


The interviewees reported that they look to the experiences of other 
cities to identify policies, practices, and outcomes on compact devel- 
opment and alternative transport. The process by which they do so 
typically begins with staff research, which was described as often 
being “quick and dirty” and which follows two general approaches: 
(a) articles and reports published by the American Planning Asso- 
ciation, TRB (including TCRP and NCHRP), and the Urban Land 
Institute are scanned; and (b) informal e-mails are sent to associates 
at other organizations, especially individuals in leading cities and 
transportation agencies, to see if they have recommendations on 
staff or cities to contact. 

Much learning is done through formal or informal professional 
networks. For example, the interviewees noted that Seattle and Van- 
couver are often looked to for best practices on planning for pedes- 
trian and bicycle modes of travel and that staff in both cities contact 
each other to exchange information. In Dallas, staff looked to the lit- 
erature for examples of TOD policies that have been adopted, that 
could be used to generate ideas, and that could potentially be the 
basis for policy. They also contacted others known informally through 
a national committee e-mail list. This then led to e-mail exchanges 
on potential policies and processes. The San Francisco Bay Area 
Rapid Transit District’s joint development policies were discovered 
in this way and were used as a key example. 

Learning also occurs through consultancy and university assis- 
tance. Outside experts are often consulted to provide information on 
other cities, particularly on best practices. The reason is twofold, 
according to several interviewees: (a) staff levels are lean and mean 
(i.e., there are not that many staff, and they do not have the time to 
do the research), and (b) the outside experts providing recommenda- 
tions on policy change are sometimes taken more seriously by pol- 
icy makers. An interviewee observed that policy makers are more 
willing to consider criticisms and recommendations from outside 
experts than from in-house staff. University researchers are also seen 
as independent as well as authoritative. In some cases, one inter- 
viewee said, “We could do it [the analysis] ourselves, but it could be 
seen as suspect.” In Dallas, the lead consultant team for the forward- 
Dallas! plan had vast experience in compact development and TOD 
policies and practices in Denver, Colorado, and Portland, Oregon, 
and was able to draw from this background for the Dallas plan. 

In addition, learning is achieved through face time and dialogue at 
conferences or participation in study tours, site visits, or specific orga- 
nized meetings. For example, Seattle staff members visited Copen- 
hagen to examine its extensive bicycle network. Vancouver and 
Seattle interviewees stated that staff from other cities are invited to 
meet to discuss the practical aspects of potential projects. In Vancou- 
ver, some staff also use their vacation time to attend conferences or 
travel to cities with interesting policies and projects. They then return 
to their offices and share the information that they have obtained. 

Finally, and perhaps most importantly, the organizational context 
sets the stage for policy transfer. Comments and observations made 
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during the interviews suggest that public officials and senior man- 
agers highly value staff for their knowledge and creativity. There 
appeared to be an organizational culture that encourages and sup- 
ports learning and the dissemination of knowledge by actively par- 
ticipating at conferences and on professional committees, thereby 
cultivating professional networks. 


CARSHARING 
Background 


Carsharing (sometimes referred to as “city car clubs’’) provides people 
with access to a car without the need to own a vehicle. Individuals typ- 
ically register to join a club and then prebook and pay for use of the 
vehicle (by hourly rates, distance charges, or access plans) (20). Ina 
review of the worldwide growth of carsharing, Shaheen and Cohen 
note that although carsharing of one form or another has been in oper- 
ation since the 1940s, it has only really taken off since the 1990s (21). 
In 2006, it was estimated that there were more than 348,000 members 
of car clubs in 600 cities worldwide (2/). There is rapid growth in the 
market at the moment. In the United Kingdom, for example, the car- 
sharing membership doubled between 2007 and 2008 to 64,000 (22), 
although few of the schemes currently operate at a profit. 

Carsharing is thought to offer several advantages for transport 
demand management (23). First, carsharing reduces the need to own 
vehicles, although the size of the reduction is dependent on the 
extent to which a supporting public transport network is available. 
Studies suggest that each carshare vehicle reduces the number of 
vehicles owned by between 6 and 23 in the U.S. and Canadian con- 
texts (20), whereas in the United Kingdom, this number is estimated 
to be 14 vehicles (22). 

Carsharing exists in many cities, and more standardized operat- 
ing models and technologies have now emerged. It is an innovation 
that is moving beyond niche status, yet it is still limited in its appli- 
cation in most cities that do have it and many cities have yet to adopt 
such systems. 

Interviews were conducted with individuals responsible for two 
successful carsharing programs in Europe (Bremen, Germany, and 
Edinburgh, United Kingdom). The interviews allowed an exploration 
of how Edinburgh learned from Bremen and how the systems have 
evolved over time. The lessons particularly relate to the issue of early 
adoption, and not all lessons would apply in the same way to those 
selecting the more mature corporate solutions available today. Briefly, 
the natures of the Bremen and Edinburgh schemes are as follows: 


e StadtAuto carsharing in Bremen began in 1990 with 28 partici- 
pants. This grew to 1,100 participants accessing 57 vehicles in 1997. 
By 2002, the numbers had grown to 2,455 and by 2005 to 3,512. 
About 100 vehicles are now available. 

e The City Car Club in Edinburgh was initially launched in 1999, 
was withdrawn for 6 months because of problems with the initial 
operator, and then resumed with a new operator in 2000. Outside 
London, Edinburgh has the largest number of members of any car- 
sharing scheme in the United Kingdom (2,200 in 2008) and has a 
vehicle utilization rate of about 25%. 


Approaches to Learning 


Edinburgh first learned about carsharing through a joint European 
project that involved Bremen. A local official found out about the 
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scheme on a visit to Bremen and after discussions with colleagues 
believed that it had a good policy fit for Edinburgh (Edinburgh has 
large amounts of relatively high density development in the central 
city areas with limited on-street parking). The initial identification 
of the scheme was in 1994, and it was not until 1999 that a project 
was implemented in Edinburgh. 

The system that was operational in Bremen predated the Internet 
and relied on advanced telephone bookings. The keys to the vehi- 
cles were left in a safe box near the vehicles on the street. Records 
of vehicle use were recorded on paper. It was believed that such a 
scheme would not work in Edinburgh because of the likelihood of 
vandalism of the safe box and a lack of trust in the paper-based sys- 
tem as a means of tracking use. Crucial to the Edinburgh scheme 
was the availability of a grant of over £100,000 ($150,000) from 
the central government to support technical innovations to promote 
more sustainable travel. This led to the development of a comput- 
erized booking and access system and also allowed market research 
to be conducted to target the introduction of the scheme to the right 
areas of the city. Edinburgh adopted assumptions about likely car 
club use using the demographics of early adopters of the scheme in 
Bremen (younger people tending to hold university-level educa- 
tion). The interviewees believed that the scheme would not have 
received local political approval without the technological devel- 
opments. The elected officials would have seen the risk of the 
scheme not functioning to be too great, so direct emulation was not 
feasible. 

The Edinburgh program suffered a temporary failure in 2000 when 
the operator (Budget Car Rental) withdrew from the contract. The 
key individual within Budget who had been taking the project for- 
ward had left, and the official at the Edinburgh City Council believed 
that there was no corporate champion within Budget to deliver the 
scheme (which was also facing some operational difficulties with the 
IT systems). The current contractor is a dedicated carsharing scheme 
company. The IT systems that are now in operation are based on 
those that were developed in Bremen as that city updated its program. 
Bremen’s influence stretches farther afield, with the Bremen program 
running the back-office functions for a scheme in Ireland. Bremen 
has also tried new ideas, such as placing carsharing sites at interme- 
diate transport interchanges in suburban areas and integrating the 
smart card ticketing system with public transport ticketing. These 
elements have not transferred to Edinburgh. 

Within the United Kingdom, Edinburgh’s carsharing program has 
the highest utilization rate, and the carsharing organization running 
the operation suggests that it is the only carsharing program in the 
United Kingdom to be making a profit. Much of this is because the 
city council is a major corporate user (employees use the carsharing 
program for business travel) and also because the inclusion of spaces 
for carsharing vehicles at new land use developments and developer 
provision of incentives to residents to join the program (such as free 
membership in Year 1) are ensured. 

Contrasting the approaches to promoting carsharing in Bremen 
and Edinburgh provides interesting findings. Bremen has been pro- 
active and influential in the carsharing debate in Europe, and the city 
continues to try new activities (described above). These elements 
have not transferred to Edinburgh. Also, despite the profitability of 
its carsharing program, Edinburgh has only recently begun to com- 
municate its success through the organization of a conference to cel- 
ebrate 10 years of carsharing. The leading carsharing official in 
Bremen was a keynote speaker at the conference. In discussions with 
the officers in both cities, it was apparent that there were different 
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elements to be learned from each (e.g., Edinburgh had a more devel- 
oped approach to integration in the planning system and Bremen had 
amore developed approach to integration with public transport), yet 
the main European good practice information portals would point 
authorities considering such a system to Bremen. 


IMPLICATIONS 


The three case studies presented here provide an opportunity to syn- 
thesize some key lessons about the innovation process. In drawing the 
implications together, common themes have been identified and these 
have been related to the literature, when it exists. The interpretations 
have not been validated with practitioners and remain those of the 
research team. 

Among the cities in the sample there is an active process of seek- 
ing to learn about new policies that could transfer from one city to 
another. The innovations that are adopted typically involve a com- 
bination of lessons gleaned from a few comparator sites, together 
with local adaptations to the program or project design, plus adjust- 
ments to local policies. Innovation may therefore be new and pro- 
gressive in the context of a particular city, even if it is not the first 
time that a proposal has been made or the first implementation of it. 
Innovation may also take the form of a new combination of pre- 
existing policy elements and actions (24). The actual project design is 
likely to be significantly influenced by the local context. For exam- 
ple, the congestion charge cordon location was largely constrained 
by geography in Stockholm and by desires to protect the urban core 
in Copenhagen. The procedural aspects of the implementations may 
be easier to learn from others. Such aspects include back-office sys- 
tem design and contract arrangements (Copenhagen learning from 
Stockholm), evaluation procedures (Stockholm and San Francisco 
learning from London), and marketing and implementation proce- 
dures (e.g., selecting the target market for carsharing in Edinburgh 
and considering the potential perceived impacts to businesses and 
residents, for which San Francisco looked to London). Some tech- 
nological designs (e.g., the latest carsharing booking technology) 
have been transferred, too, but this seems to be most likely to hap- 
pen as the systems mature. The expertise of local officials is impor- 
tant to determine what to transfer and what must be adapted to local 
conditions. 

The initial search for lessons is fairly informal and was described 
by those who were interviewed as “quick and dirty,” ‘‘ad hoc,” and 
“unsystematic.”” The ad hoc nature of this search was seen to be 
inevitable, and monitoring new developments was seen to be an 
interesting part of the job. Interviewees described the difficulty that 
the expanding information age has created in providing too much 
information. Beyond the general description of the system, the infor- 
mation found often was not seen to provide enough practical details 
on project implementation, such as staffing, sample policy documents, 
project costs, and technical and political feasibility. 

Interested individuals therefore emerged as being critical to both 
searching for and directing others to new solutions, particularly for 
implementation lessons. Although the Internet, professional maga- 
zines, and good practice guides provide windows into the explicit 
knowledge base available, it appears that the most trusted and effec- 
tive sources of the transfer of knowledge are personal and profes- 
sional networks. The importance of human interactions in providing 
a validation of experiences is well understood in the organizational 
learning literature (25, 26). Shared working experiences engendered 
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through working groups or technical committees of TRB, APTA, 
ITE, and AASHTO in the United States and the Civitas cities program 
in Europe were noted to be important routes to broadening the 
network of contacts beyond obvious neighboring authorities. 

Resource limitations (both time and financial) and cultural barri- 
ers (the view that learning from cities overseas or other national 
cities that “aren’t like us” might be wasteful) were important con- 
straints in some of the cities studied, and these constraints have also 
emerged in other studies (27, 28). The presence of a supportive orga- 
nizational environment that encourages the search for lessons from 
elsewhere seems to be an important factor in the extent, or at least 
the speed, with which innovations are considered. 

Risk is clearly an important part of any innovation process. Tech- 
nological advances occur rapidly, and not being the first mover has 
distinct advantages (27), as experienced with the technological 
advances trialed in the Edinburgh carsharing system. Some author- 
ities preferred to wait to see how policies were working elsewhere 
before adopting them. Funding support for innovations, particularly 
from the central government, is important in encouraging cities to 
overcome the costs and risks of being an early adopter (as in the case 
of the San Francisco congestion pricing studies, the national fund- 
ing of the initial 6-month-long Stockholm congestion charging trial, 
and the Edinburgh carsharing system). 

One issue that emerges through observation and that was raised by 
two practitioners is the tendency to focus visits on successful imple- 
mentations. Although this has clear logic, lessons can be drawn from 
failures to a similar extent. It is interesting, for example, that Man- 
chester did not visit Edinburgh to discuss its failed bid for a road pric- 
ing scheme before launching its public consultation and referendum. 
There is a reporting bias toward project successes and a tendency to 
gloss over negative or unsuccessful aspects of those in operation 
because of local political or personal sensitivities. Rose recommends 
that visits to cities to learn about new policies should include discus- 
sions with skeptics about the project as well as advocates of the proj- 
ect (29). It is possible that the publicly available evaluation evidence 
base is biased, which may explain the importance of personal contacts 
in getting to the real story behind a project. 

In conclusion, the key lessons for cities seeking to adopt innova- 
tive transport policies are as follows: 


1. Adoption requires the development of a culture of learning in 
which learning from outside the organization is positively supported. 

2. Investing in networks and networking are keys to unlocking a 
more robust understanding about the policies in action elsewhere. 

3. The learning task should be approached with a healthy sense of 
skepticism about the full scale and transferability of the benefits. Since 
one size (often) does not fit all, lessons may be gleaned from several 
cities and then combined to produce a locally feasible strategy or 
program approach. 

4. All aspects of the implementation should be fully considered, 
as lessons may range from the macro concept to the micro implemen- 
tation level. 

5. Researchers could play a greater role in developing detailed 
case studies of both implemented and unsuccessful projects. They 
could interpret the implications of the findings from a policy perspec- 
tive, discuss how the research may be transferable to other areas, and 
consider more practical issues associated with project implementation 
(e.g., staffing needs, costs, revenues, discussion of the city processes 
required for implementation, and critiquing of sample ordinances). 
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6. Federal and state governments should continue to provide 
financial and institutional support to those areas seeking to deploy 
innovative policies and projects to overcome the risks associated 
with them. 
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Estimating the Potential Success 
of Sustainable Transport Measures 


for a Small Town 


Séona Farrell, David McNamara, and Brian Caulfield 


This paper examines the benefits of promoting and encouraging the use 
of soft modes of transport in a small town in Ireland. Currently, in the 
town in question, almost 70% drive to work alone each day. The Irish 
government recently adopted a policy of actively promoting and devel- 
oping sustainable towns through the use of soft transport measures. This 
paper takes a typical town in Ireland and demonstrates how a modal 
shift toward sustainable transport measures could result in substantial 
savings in vehicle kilometers traveled and carbon dioxide (CO,) emissions. 
Census data were used to estimate the benefits of a modal shift from 
driving alone to walking, cycling, and carpooling. The COPERT IV model 
was used to estimate the reductions in CO, emissions if the estimated 
modal shifts were realized. Analysis of the commuting patterns of the 
individuals in the study area shows that the majority of car trips are less 
than 6 km. The results of the paper show that no one soft measure 
promoted in isolation is the silver bullet; rather, a mix of these options 
would be optimal for achieving a modal shift. 


In Ireland, as in many other countries throughout the world, traffic 
levels are increasing. In 2006, the rate of private car ownership per 
1,000 population increased by 3.2%, resulting in an increase in car 
density to 420 cars per 1,000 population. In comparison, the average 
for the 25 nations of the European Union (EU) is 476 and the average 
for the United Kingdom is 469 (/). Over the period from 2000 to 
2006, the total mileage by all private cars increased by 30%, with 
the increase being 24% for petrol-powered cars and 56% for diesel 
fuel-powered cars (1). 

Many factors have contributed to this situation, including increas- 
ing rates of car ownership and numbers of drivers, reductions in 
car occupancy levels, changes in fuel prices, and various levels of 
spending on roads. The cumulative effects of continually increasing 
traffic levels in urban areas are now causing serious economic, 
environmental, and social problems. 

One of the most direct implications of the increase in road traffic 
is the effect on the environment. Concerns about the environmental 
impacts of road transport have grown. In many urban areas, the 
private car is the single greatest polluter, predominantly because of 
the accumulation of vehicles on the road. In Ireland, emissions of 
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carbon dioxide (CO,) from fossil fuel combustion accounted for 
68.6% of total greenhouse gas emissions in 2007, whereas that pro- 
portion was 58.5% in 1990 (2). Furthermore, between 1990 and 2007, 
the greatest increase in CO, emissions (178%) was from the transport 
sector. Transport continues to be the dominant sector contributing 
to the growth in CO, emissions, with emissions being 650,000 tonnes 
of CO, equivalents higher in 2007 than in 2006. In particular, road 
transport accounts for 97% of the emissions from the transport 
sector (2). 

The general economic prosperity, increasing population, and 
consequent increasing vehicle numbers, as well as the trend toward 
the purchase of larger vehicles and the reliance on private cars, 
particularly in relation to commuting to and from work, have been 
attributed to be the main factors contributing to the increase in emis- 
sions from the transport sector over the last 17 years. In addition, 
another major factor has been the rapidly growing road freight trans- 
port sector (i.e., light-duty and heavy-duty vehicles), with high levels 
of construction activity also being a major influencing factor (2). 

With the forecasted growth in traffic and the requirement for Ireland 
to meet its obligations both under the Kyoto Protocol and under the 
EU 2020 binding targets, targeted local and national measures that 
strive to reduce traffic and its environmental impacts rather than 
measures that just restrain traffic growth must be implemented. This is 
reiterated by Hickman and Banister, who argue that meeting national 
Kyoto Protocol reduction targets will require an integrated package 
of behavioral policy measures to ensure that travel is conducted in 
a more carbon emissions-efficient way (3). 

In February 2009, the Department of Transport of Ireland launched 
the Smarter Travel—A Sustainable Transport Future program, which 
sets out an action plan containing a target of getting 500,000 more 
people walking, cycling, using public transport, and leaving their cars 
at home between now and 2020 (4). With this action plan, the govern- 
ment aims to change the transport mix in Ireland so that by 2020 the 
car use mode share for commuting is reduced from the current level 
of 65% to one of 45%. In essence, a range of policies and measures 
that will facilitate progress toward integrating sustainability consid- 
erations into transport policy and, in particular, address the transport 
emissions issue will be implemented. 

Stemming from the Smarter Travel program, the Department of 
Transport launched Ireland’s first national Cycle Policy Framework 
in April 2009 (5). This new cycle policy document details 109 indi- 
vidual but integrated actions that will be taken over the coming 12 years 
to deliver a culture of safe cycling in Ireland by 2020. The department 
envisions a strong cycling culture in Ireland in which all cities, towns, 
villages, and rural areas will be bicycle friendly. “A culture of cycling 
will have developed in Ireland to the extent that 10% of all trips will 
be by bike by 2020” (5). 
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In 1986, 7% of all trips to work in Ireland were made by bicycle. 
However, by 1996 that figure had fallen to just over 4%, and by 2006 
the rate of commuter cycling had fallen to less than 2%. In 1986, 
13% of all commute trips were on foot; by 2006 this had decreased 
to 11% (6). If action is not taken to address these statistics, car use will 
continue to increase and the commuter walking and cycling modal 
shares will continue to decline. Car ownership could increase to beyond 
EU average levels, with the total number of private cars licensed in 
Ireland possibly increasing from 1,800,000 to 2,470,000 (4). 

In July 2009, the Department of Transport launched a €50 million 
($54 million) national competition aimed at funding and delivering 
innovative examples of sustainable travel in urban and rural areas 
right around the country. Smarter Travel areas will provide an 
opportunity to demonstrate the benefits of sustainable transport, 
promoting and encouraging walking and cycling, and reducing car 
travel by improving travel facilities and promoting and encouraging 
behavioral change. 

As walking and cycling are zero-carbon-emission activities with 
no fuel requirements, they can be adopted as part of an overall strategy 
to reduce car travel and thus reduce the emissions of CO, and other 
greenhouse gases. In 2004, the Department for Transport of the 
United Kingdom published a walking and cycling action plan that set 
out measures to increase the levels of active travel across England (7). 
Fifty case studies from that action plan have all shown significant 
improvements with often modest, but carefully selected initiatives. 
These schemes have improved local conditions for walking and 
cycling and have encouraged people to walk and cycle and have pro- 
vided clear benefits: reduced congestion, improved public health, 
and enhanced quality of local streets and spaces (8). 

For example, Addenbrooke’s Hospital in eastern England invested 
in carsharing and pool cars, ran promotional events for bus travel, 
improved the walking and cycling infrastructure, and worked with 
the main local bus operator on the Quality Bus Partnership. The impact 
of their workplace travel plan has been significant. For example, 
between 1993 and 2003, the rate of car use fell from 74% to 42%, 
that of bus travel rose from 4% to 23%, that of cycling went up from 
17% to 25%, and that of walking went from 4% to 7% (8). 

The promotion of carsharing in conjunction with other modes, 
such as public transport, is another approach advocated to reduce oil 
dependence problems (9). Reductions in journey times and vehicle 
kilometers traveled (VKT), shared fuel costs, and decreases in emis- 
sions may be achieved by encouraging ridesharing (10). Jacobson 
and King examined the potential fuel savings in the United States if 
a policy of ridesharing were promoted (//). It has been suggested 
that if 10% of cars were to have more than one passenger, the result 
could be annual fuel consumption savings of 5.4%. In 2005, the 
International Energy Agency examined the potential benefits of 
promoting ridesharing in Organisation for Economic Co-operation 
and Development countries and found that by adding one person to 
every commute trip, the result would be fuel consumption savings 
of 7.7%, or 5,073,000 barrels of oil aday, and VKTs would be reduced 
by 12.5% (12). Caulfield found that carsharing in Dublin, Ireland, 
accounts for 4% of all trips to work and results in an annual VKT 
savings of 68 million km (/3). 

This paper does not address the potential mix of cycling—walking 
and other mobility management policies, for example, measures to 
improve the walking and cycling environment, improved facilities 
for walkers and cyclists, or measures to influence travel behavior. 
Rather, it focuses on the potential benefits should an optimal mix of 
policies be adopted. 
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METHODOLOGY 
Data 


The census data used in this paper were taken on the night of Sunday, 
April 23, 2006, from 1.5 million Irish homes, which had received the 
census forms 2 weeks before that. The data used here were taken from 
the place-of-work census of the anonymous records (POWCAR) 
data set (4). The POWCAR data set contains information on 
the regular work trips of 1,834,472 individuals in Ireland. Table 1 


TABLE 1 Details of Variables Examined 


Variable Definition 

Distance (km) 

0-5 =1if0—-5 

6-10 =1if 6-10 

11-15 =1if 11-15 

16-20 = Lif 16-20 

21-30 = 1if 21-30 

31-40 = 1 if 31-40 

41+ (reference category = distance: 41+ km) 
Travel Time (min) 

0-5 =1if 0-5 

6-10 =1if 6-10 

11-20 = Lif 11-20 

21-30 = 1 if 21-30 

31-40 = 1 if 31-40 

41-50 = 1 if 41-50 

51+ (reference category = travel time: 51+ mins) 
Age 

15-24 = 1 if 15-24 

25-34 = 1 if 25-34 

35-44 = 1 if 35-44 

45-54 = 1 if 45-54 

55-64 = 1 if 55-64 

65-74 = 1 if 65-74 

75+ (reference category = age: 75+) 
Gender 

Male =1if male 

Female (reference category = gender: female) 


Socioeconomic Group 
Employers and managers = 1 if employers and managers 


Higher professional = 1 if higher professional 


Lower professional = 1 if lower professional 

Nonmanual = 1 if nonmanual 

Manual skilled = 1 if manual skilled 

Semiskilled = 1 if semiskilled 

Unskilled = 1 if unskilled 

Self-employed = 1 if self-employed 

Farmers = 1 if farmers 

Agricultural workers = 1 if agricultural workers 

Other (reference category = socioeconomic group: 


other) 
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presents the structure of the data contained in the POWCAR data set. 
Unfortunately, the income levels of the respondents are not included 
in the data set, because income is an important factor in the analysis 
of the travel behaviors of individuals. The objective of the study 
described in this paper is therefore to examine the impact of the softer 
measures adopted in a small town. A small town with a population 
of just over 25,000 inhabitants was chosen as the study area. Each day, 
more than 7,500 individuals commute into the study area to work. 


Model Formulation 


The model estimated in this paper examines the characteristics of the 
individuals who drive to work in the study area. A number of activity 
variables, such as travel time and distance and departure times, are 
examined in the first set of models. A multinomial logistic regres- 
sion analysis was constructed to analyze the relationship between 
these factors and people who indicated that they drove to work ona 
regular basis. The model takes the following functional form: 


logit(p) = loge =a+fl+WHt+e () 
—p 
where 


p = probability that event Y (driving to work) occurs, 
a = specified option, 


TABLE 2 Modal Split of Morning Commuters into Study Town 
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BJ = set of individual-specific characteristics, 
YH = set of household-specific characteristics, and 
e = random error term. 


Table 1 details each of the variables estimated in the regression 
model. All of the variables detailed in Table 1 are dummy variables. 
The COPERT IV model was used to estimate the reductions in emis- 
sions. The details about the private fleet of vehicles used to estimate 
the savings in CO, emissions were taken from the government vehi- 
cle registration records (75). Monthly average temperatures for 2006 
were also inputted into the model. 


RESULTS 


This section of the paper presents the results of the analysis conducted 
to measure the benefits of promoting a number of soft measures in the 
study area. The results examine the benefits of these soft measures 
according to the number of VKT saved and the annual CO, emissions 
saved. This section of the paper also examines the individuals most 
likely to drive to work in the study area. 


Details of Study Area 


The first set of results detailed in Table 2 report the modal split of the 
study area and the national modal split. The mean distance traveled 
and the mean travel times are also reported in Table 2. The results 


Mean Standard Mode— Standard 

Distance Deviation— Distance Mean Travel Deviation— Mode—Time 
Mode N % (km) Distance (km) (km) Time (min) Time (min) (min) 
Study Area 
Walk 1,105 14.7 1.76 1 1 14 10 9 
Cycle 88 1.2 2.49 1.6 2 12 6 10 
Public transport 219 2:9 19.52 15 15 34 27 20 
Motorcycle 25 0.3 10.95 10.3 2 16 11 10 
Driving 5,181 68.8 15.92 14.9 23 17 10 
Driving—passenger 514 6.7 10.67 12.6 3 18 14.3 10 
Lorry or van 305 4.0 17.06 15.4 2 26 23.7 15 
Other means 12 0.2 NA NA NA NA NA NA 
Work from home 38 0.5 NA NA NA NA NA NA 
NA 49 0.7 NA NA NA NA NA NA 
Total 7,536 100.0 NA NA NA NA NA NA 
National 
Walk 197,622 10.9 1.82 1.37 1 15 12 10 
Cycle 35,310 1.9 4.83 3.84 2 14 12 10 
Public transport 164,066 9.0 12.18 15 10 42 27 60 
Motorcycle 12,678 0.7 13.32 12.70 10 24 17 20 
Driving 1,052,795 58.1 16.36 16.50 10 27 23 10 
Driving—passenger 102,483 5.7 13.40 14.82 10 23 20 10 
Lorry or van 138,208 7.6 21.36 19.88 10 33 29 30 
Other means 6,228 0.3 NA NA NA NA NA NA 
Work from home 56,897 3.1 NA NA NA NA NA NA 
NA 45,634 2.5 NA NA NA NA NA NA 
Total 1,811,921 100.0 NA NA NA NA NA NA 


Note: NA = not applicable. 
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show that the majority of individuals in the study area (68.8%) travel 
to work by car. The modal share for car is 10.7% higher than the 
national average in the study area. The modal share shows that a 
high percentage of individuals in the study area walk to work ona 
regular basis. One other result of interest is that 2.9% of individuals in 
the study area use public transport to travel to work; this is substantially 
less than the national figure of 9.0%. 


Characteristics of Individuals Who Drive 
to Work in Study Area 


This section of the paper examines the characteristics of the 
individuals who drive to work in the study area. Table 3 details 
the results of a logistic regression analysis used to measure the 
characteristics of the individuals who drive to work. The first 
characteristic examined in Table 3 is the distance traveled by 
those who drive to work. The results show that those who drive to 
work in the study area are more likely to drive less than 10 km. 
The results also show that those who drive to work are more likely 
to have short commuting times (less than 10 min). These findings 
suggest that motorists are more likely to have shorter commuting 
distances and travel times than those who use alternative modes 
of transport. 

The results for departure time show that positive coefficients 
were estimated for those individuals who departed between 7:00 
and 9:00 a.m. This result suggests that those individuals who drive 
to work are most likely to depart for work during this time period. 
The age profile of individuals who drive to work on a regular basis 
is also examined in Table 3. The findings suggest that individu- 
als aged between 15 and 24 years are unlikely to drive to work, 
whereas individuals in the older age groups are more likely to drive 
to work. 

The gender coefficient estimated in Table 3 demonstrates that 
females are more likely to drive to work. This could be because of 
other nonwork commitments, such as dropping off children at school, 
which would require a car. Information on such trips is not included 
in the data set examined. The final set of variables examined in 
Table 3 measures how an individual’s socioeconomic group is likely 
to have an impact on driving to work. Each of the occupation variables 
estimated was found to be positive. The results show that employers 
and managers, higher professionals, and lower professionals are 
more likely than the other groups to drive to work. The results pre- 
sented in Table 3 demonstrate that individuals who drive to work in 
the study area are most likely to have shorter commuting distances and 
travel times. This group of individuals was investigated further, as 
described in the following sections, as their short travel distances may 
make them ideal candidates for switching to other, more sustainable 
modes of travel to work. 


Distances Driven by Individuals to Work 
in Study Area 


The distances traveled by individuals who drive to work are shown 
below. The distances driven to work are segmented into three cat- 
egories: individuals who travel less than 2 km to work, those who 
travel 2 to 6 km to work, and those who travel more than 6 km. 
Fourteen percent of individuals who drive to work travel less than 
2 km, and 21% of individuals drive between 2 and 6 km to get to 
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TABLE 3 Regression Analysis Results 


Estimate p-Value 

Intercept 0.016 .005 

Distance (km) 
0-5 3.374 .000 
6-10 1.150 .000 
11-15 0.941 000 
16-20 0.535 .001 
21-30 0.583 .000 
31-40 0.638 .000 
41+ 0" 

Travel time (min) 
0-S 2.268 .000 
6-10 2.359 .000 
11-20 1.372 .001 
21-30 0.960 .000 
31-40 0.947 .000 
41-50 1.093 .000 
51+ 0" 

Departure time 
Before 06:30 —0.415 .001 
06:31-07:00 —0.349 .001 
07:01-07:30 -0.040 .000 
07:31-08:00 0.253 .000 
08:01-08:30 0.068 .000 
08:31-09:00 0.635 .000 
09:01-09:30 —0.680 .000 
After 09:30 —0.649 .000 
NA 0" 

Age (years) 
15-24 —0.264 .000 
25-34 0.857 .000 
35-44 0.996 .001 
45-54 1.088 .001 
55-64 1.196 .000 
65-74 1.977 .000 
75+ 0" 

Gender 
Male —0.452 .000 
Female 0" 

Socioeconomic group 
Employers and managers 1.280 .000 
Higher professional 1.690 .000 
Lower professional 1.645 .000 
Nonmanual 0.808 .000 
Manual skilled 0.170 .000 
Semiskilled 0.690 .000 
Unskilled 0.172 .000 
Self-employed 0.620 .000 
Farmers 0.809 .000 
Agricultural workers 0.058 .000 
Other 0" 


Note: —2 log likelihood at convergence = 3,574.39; N=5,181; 
and R? = .319. 
“The values are set equal to zero because they are redundant. 


work. In the subsequent analysis, individuals who drive less than 
2 km will be targeted to walk to work, and those who travel between 
2 and 6 km will be targeted to cycle to work. 


Distance Driven to Work (km) N Percent 
<2 655 14 
2-6 1,012 21 
>6 3,081 65 
Total 4,748 100 
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TABLE 4 Potential Benefits for Modal Shift from 
Drive Alone to Walking 


Annual Savings 
CO, Emissions 

Scenario VKT (tonnes) 
5% modal shift to walking 

5 days a week 23,914 4.44 

4 days a week 15,870 2.95 

3 days a week 14,348 2.67 
10% modal shift to walking 

5 days a week 47,828 8.89 

4 days a week 31,740 5.90 

3 days a week 28,969 5.38 


Examining Benefits of Modal Shift 
from Driving Alone to Walking to Work 


This section of the paper examines the benefits of a modal shift from 
driving alone to walking to work on a regular basis. The environ- 
mental benefits of a modal shift to walking to work were estimated 
by using the COPERT IV model. The results in the table above show 
that 14% (655) of individuals drive less than 2 km to work each day. 
The six scenarios examined (Table 4) assume that 5% or 10% of those 
individuals who currently drive less than 2 km to work alone each day 
start to walk to work 5, 4, or 3 days a week. The first set of scenarios 
examined the savings of VKT and CO, emissions if 5% of individu- 
als who currently drive less than 2 km walked to work 5, 4, or 3 days 
a week. The results in Table 4 show that modest annual CO, emissions 
savings would occur if a 5% modal shift toward walking occurred. 
Furthermore, substantial annual VKT could be saved if a modal shift 
toward walking occurred. 

The second set of scenarios examined in Table 4 measures the 
impact of a 10% modal shift from driving alone to walking to work. 
The results show, as one would expect, that a greater annual CO, 
emissions savings, as well as greater savings in VKT, would be 
realized with a 10% modal shift. 


Examining Benefits of Modal Shift 
from Driving Alone to Cycling to Work 


The benefits of a modal shift from driving alone to cycling to 
work are presented in Table 5. The scenarios examined in this 


TABLE 5 Potential Benefits for Modal Shift from 
Drive Alone to Cycling 


Annual Savings 


CO, Emissions 

Scenario VKT (tonnes) 
5% modal shift to cycling 

5 days a week 93,192 17.32 

4 days a week 61,845 11.49 

3 days a week 55,915 10.39 
10% modal shift to cycling 

5 days a week 186,384 34.64 

4 days a week 123,691 22.99 

3 days a week 111,830 20.78 
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section of the paper are similar to those examined in the previous 
section, in that they examine the environmental benefits of a 
modal shift from driving alone to cycling. The group examined 
consists of those who drive 2 to 6 km to work on a regular basis, 
which, as the table above the shows, comprises 21% (n = 1,012) 
of the individuals. The COPERT IV model was used to estimate 
the environmental benefits according to the annual reduction in 
CO, emissions. 

The results show that if a 5% modal shift to cycling to work were 
realized for even part of the week, substantial annual savings in VKT 
and CO, emissions could be achieved. The results for a 10% modal 
shift from driving alone to cycling were found to be even more savings 
in VKT and CO, emissions compared with those achieved with a 5% 
modal shift. 


Examining Benefits of Modal Shift 
from Driving Alone to Carpooling 


The final soft measure examined in this study is carpooling in the 
study area. The data used in this study were segmented by the three 
electoral districts in the study area with the highest concentrations 
of individuals who drive alone to work in the town center to ascertain 
the potential for carpooling. The departure times of the individuals 
in these three areas were examined and are presented in Table 6. As 
the individuals in these areas have the same origin, destination, and 
departure time, the results show that there is the potential for the 
individuals in each of the areas to carpool. 

The results in Table 7 detail the benefits that would be achieved 
if a percentage of the individuals switched from driving alone to 
carpooling. As with the previous scenarios for modal shifts to walk- 
ing and cycling, the results in Table 7 examine the benefits of a 5% 
or 10% modal shift to carpooling 5, 4, or 3 days a week. The results 
from each of the scenarios show that considerable reductions in annual 
VKT and annual CO, emissions can be achieved by switching to 
carpooling. 


DISCUSSION OF RESULTS AND CONCLUSIONS 
The results presented in this paper demonstrate that because of the 
short commuting distances associated with small towns, they are ideal 


candidates to be encouraged to use sustainable transport options. 
Low-cost options such as those examined in this paper are suited to 


TABLE 6 Examining Individuals Most Capable of Carpooling 


Area | Area 2 Area 3 

Departure Time N % N % N % 
Before 06:30 28 2 6 3 2 1 
06:31-07:00 56 3 7 4 4 2 
07:01-07:30 82 3 6 3 17 11 
07:31-08:00 189 12 24 13 27 17 
08:01-08:30 337 21 34 18 51 32 
08:31-09:00 493 30 63 34 37 23 
09:01-09:30 229 14 29 16 12 7 
After-09:30 164 10 16 9 10 6 
NA 61 4 2 1 1 


Total 1,639 100 187 100 161 100 
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TABLE 7 Potential Benefits for Modal Shift from 
Drive Alone to Rideshare 


Annual Savings 


CO, Emissions 


Scenario VKT (tonnes) 
5% modal shift to rideshare 
5 days a week 80,395 14.94 
4 days a week 64,316 11.95 
3 days a week 48,237 8.96 
10% modal shift to rideshare 
5 days a week 161,275 29.97 
4 days a week 129,020 23.98 
3 days a week 96,765 17.89 


smaller towns, where the financial resources to operate or construct 
traditional transport alternatives may not exist. 

The findings of this study show that use of a combination of soft 
measures can result in substantial environmental benefits. The poten- 
tial for a modal shift for individuals who are within walking and 
cycling distances to the town center was examined. Individuals who 
are assumed to carpool reside in areas where there is a significant 
potential to find a carpooling partner. The results of the scenarios 
estimated in this paper show that if a modal shift were to occur, 
substantial savings in emissions and VKT would result. 

On the basis of the findings presented here, it is clear that no one 
soft measure would result in substantial changes in transport-related 
emissions or VKT. If a combination of walking, cycling, and car 
pooling were adopted in the study area, as described here, the result 
would be considerable benefits to the environment. 
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Green Credits Versus Environmentally 


Sustainable Traffic Operations 
Comparison of Contributions to Energy 


and Emissions Reductions 


Yan Zhou, Lee Tupper, Mashrur Chowdhury, and Leidy Klotz 


Although society is facing a variety of environmental issues, including the 
depletion of energy resources, and has a much greater awareness of cli- 
mate change and its serious related social impacts, transportation systems 
have been pushed to increasingly greater limits because of the dramatic 
growth in traffic demand. A case study was performed to compare the 
contributions of green construction credits and those of environmentally 
sustainable traffic operations to reducing energy use and emissions. 
The study measured the impacts of green credits by using the Carnegie 
Mellon University economic input-output life-cycle assessment model. 
These impacts were compared with those achieved through sustainable 
traffic operation strategies, consisting of a high-occupancy vehicle lane 
and access to public transit. The study shows that the energy and emis- 
sions reductions obtained by use of the traffic operation strategies eclipsed 
those obtained by use of the green credit measures in just 1 month of traf- 
fic operations. The carbon dioxide emissions created and the total energy 
consumed by only 1 month of traffic were three times greater and 30% 
more, respectively, than those obtained by repaving the same roadway. In 
addition to reducing emissions, environmentally sustainable traffic oper- 
ations offer social sustainability benefits, such as reducing traffic delays 
and improving flow, which reduce the demand for transportation infra- 
structure and which can ultimately reduce the need for new roadway 
construction. Although both green credit measures and environmentally 
sustainable traffic operations are essential to true sustainability, the rela- 
tive impacts of both traffic operations and construction credits should be 
considered when research and infrastructure investments are prioritized. 


Sustainability is the general ability to maintain long-term existence 
and balance in any type of human or economic system. The most 
prominent definition of sustainability comes from the 1987 report of 
the World Commission on Environment and Development, which 
defines it as “meeting the needs of the present without compromis- 
ing the ability of future generations to meet their own needs” (J). 
Sustainability has economic, social, and environmental dimensions. 
The transportation system has continuously supported U.S. industry, 
contributed to economic growth, and united the nation. However, the 
rapid modernization of urban areas has resulted in worse traffic con- 
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ditions because of unprecedented growth and a dramatic increase in 
traffic demand. Moreover, increased social, economic, and industry 
demands have continuously been pushing the fragile transportation 
system to new limits. The environmental impacts of transportation 
systems are significant: they are responsible for 20% to 25% of the 
world’s energy consumption and carbon dioxide emissions every 
year (2). The social and economic impacts of transportation systems 
are also significant and include the economic cost caused by traf- 
fic delays, air pollution, property damage, injuries, and loss of life 
because of traffic incidents. All these impacts have created a strong 
need for a sustainable transportation system that can meet the 
increasing traffic mobility needs by building new infrastructure 
while minimizing the negative effects to the society, economy, and 
environment. 

To achieve a sustainable transportation system, the concept of sus- 
tainability needs to be embedded and implemented through the entire 
life cycle of a transportation project. The life cycle of a typical trans- 
portation system follows a five-phase process, which includes plan- 
ning, design, construction, operation, and maintenance. This process 
should generate a sustainable transportation project that can benefit 
the community and quality of life. The study described in this paper 
quantifies and compares the environmental sustainability impacts 
associated with the construction and the operation phases, with the 
focus within the realm of environmental sustainability being on the 
interrelated issues of emissions and energy in the roadway sector. 
Although these are arguably the most pressing issues, the broad 
definition of environmental sustainability also includes other issues, 
such as water and land use. Nevertheless, even though environmen- 
tal sustainability is just one dimension of sustainability, emissions 
and energy can influence the economic and social aspects of sustain- 
ability. For example, reducing energy use can reduce economic costs, 
which in turn can make transportation more affordable, contributing 
to social change. 

One way to look into the overall environmental impact of a prod- 
uct throughout its life is through the use of life-cycle assessments 
(LCAs) (3). The present study uses an economic input-output (EIO) 
LCA (EIO-LCA) model to determine the emissions production of a 
highway repaving project. The EIO-LCA output allows multiple envi- 
ronmentally sustainable construction efforts to be analyzed and com- 
pared. To help identify sustainable measures in highway construction, 
the Greenroads program was used (4). Similar to the Leadership in 
Energy and Environmental Design credit system used to measure 
building sustainability, Greenroads is a sustainable highway construc- 
tion credit system started in 2006 and still under development through 
a partnership between the University of Washington and private and 
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public efforts. It uses a seven-category credit criterion system to 
measure the sustainability of a new or existing roadway. 

For sustainable traffic operations, various strategies can be used 
to help alleviate traffic congestion and support increasing demand 
without building new highways or lanes (5). These are also known as 
travel demand management strategies. An environmentally sustain- 
able traffic operation strategy used in the present study is the incor- 
poration of high-occupancy vehicle (HOV) lanes, which are types of 
managed lanes consisting of separate lanes for vehicles with a spec- 
ified minimum occupancy, which is normally posted on a traffic con- 
trol sign (6). These lanes help move more people in fewer vehicles 
on the basis of the existing highway facilities. 

The main objective of this paper is to perform a case study of a 
highway repaving project and to quantify the environmental sustain- 
ability efforts in the construction and operational steps. Moreover, this 
research compares the environmental impacts of construction with 
those of different environmentally sustainable traffic operation strate- 
gies to explore which stage might require more attention in future 
research efforts to maximize highway sustainability. 


RELATED WORK 


This section summarizes studies related to the impacts of both sus- 
tainable construction and sustainable traffic operation strategies for 
highways. 


Construction 


The main focus for environmental sustainability in the construction 
of highways has been on the pavement materials used in the con- 
crete or asphalt. Sustainable construction efforts incorporate reused 
materials, materials that require less energy to produce, and longer- 
lasting materials into highway pavement materials (4). One study 
focused on the use of an LCA mechanism specifically for pavement 
materials as a way to promote sustainable efforts in pavement design 
(7). Another study gave a comprehensive review of a recycling pro- 
gram in Japan specifically aimed at highway materials as a way to pro- 
mote sustainability (8). Warm-mix asphalt was studied in California, 
where it will be required in 35% of total asphalt concrete produc- 
tion by 2012, and is promoted as being sustainable because of the 
lower temperatures required during production (9). Although the 
use of certain pavement materials is one way to make a highway 
project more environmentally sustainable, the present study takes a 
broader view and examines several other environmentally sustainable 
methods proposed by the Greenroads system. 

Multiple studies that use LCAs to evaluate pavement construction 
studies have been conducted. One study used an LCA to measure the 
emissions that a repaving project created and compared those to the 
emissions resulting from the congested traffic caused by the roadwork 
(10). The study used a microscopic simulator to determine the traffic 
emissions and found that the congested traffic due to the roadwork 
created more emissions than the pavement project. The researchers 
concluded that spending more time and taking greater management 
efforts to reduce the effects of roadway work on traffic would be 
effective ways to reduce the emissions output for a roadway project. 
That study (/0) used both an LCA and a microscopic simulator in 
much the same way that they were used for the project described here. 
However, the focus of the present study is the Greenroads system for 
construction and the analysis of sustainable operations during normal 
use of a highway. 
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Operations 


Environmentally sustainable operations are cost-effectively achieved 
through the use of travel demand management strategies, such as 
HOV lane operations, high-occupancy toll (HOT) lanes, and pub- 
lic transit services. Sustainable operations for highways have been 
researched mostly to reduce congestion and travel times. One study 
indicated that the fuel consumption of congested traffic can increase 
up to 80%, which translates into a similar increase in emissions (1/). 
It was also stated that “next to travel times, the fuel consumption is 
an important measure for the performance of future intelligent trans- 
portation systems” (//). The use of intelligent transportation systems 
is one way to achieve environmentally sustainable operations, and 
the development of intelligent transportation systems consisting of 
new technologies is an emerging field. Many research efforts have 
explored possible strategies that may be used to reduce emissions 
or promote sustainability in either highway construction or traffic 
operations. 

HOV lanes have been used as part of sustainable traffic operations 
in California and Texas in an effort to reduce congestion, reduce fuel 
consumption, promote carpooling, and improve air quality (6). I-15 
outside San Diego, California, is an example of the great success 
that may be achieved with HOV or HOT lanes (6). The project has 
resulted in increases in the rates of carpooling and bus ridership, 
which create reductions in emissions because of the lower levels of 
fossil fuel consumption. Several cities in Texas, including Houston, 
Dallas, and San Antonio, are planning similar projects to reduce 
congestion and fossil fuel use (/2). 

Other studies have simulated the conversion of an HOV lane to 
a mixed-flow lane to determine the effect on air quality (13). The 
researchers discovered that there was no increase in air quality if the 
induced demand was more than 5%. Chum and Burris found through 
a survey of transit riders in Texas that only a small percentage of tran- 
sit riders would begin taking single-occupancy vehicles if an HOV 
lane were converted to an HOT lane (/4). This finding proved incor- 
rect the initial hypothesis that the HOT lane would promote the use 
of single-occupancy vehicles and negatively affect transit ridership. 

Despite all the research in sustainable highway operations and 
construction, there has been little research on the combination and 
comparison of sustainable highway construction and sustainable 
operations. The research described here will acknowledge and com- 
pare the environmental sustainability achieved at multiple points in 
the life span of a highway system through a case study to identify 
the most effective time for implementation of sustainable methods. 


METHODOLOGY 


The study described here employed a two-pronged analysis in which 
an LCA model was used to analyze the construction aspect and a 
microscopic traffic simulator was used to study the operation aspect. 
The flowchart in Figure 1 demonstrates the steps for analysis used 
in the study. 

Every stage of development and use of a transportation system has 
potential impacts on sustainability, and the results are limited to not 
only the environmental aspect of sustainability but also the social and 
economic aspects. Figure 2 shows how different methods of achiev- 
ing sustainability can be implemented at different stages of a highway 
project and also shows the various impacts that these methods can 
have. The present study considered multiple methods with various 
impacts, including changing the pavement materials (a method that 
the Greenroads system uses) and reducing demand through the use 
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FIGURE 1 Study methodology. 


of HOV lanes and transit to make the current infrastructure more 
efficient. 


Greenroads Rating System 


Greenroads is a seven-category sustainable highway construction 
credit system. Each category addresses different areas of sustain- 
ability and ways to reduce environmental impacts (4). Each cate- 
gory has individual criteria that represent different methods of 
achieving sustainability and that have multiple credit values. At the 
end of a project, the credits are summed and the level of sustainabil- 
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ity is determined on the basis of a labeled credit scale. The present 
study focused on the criteria used to measure sustainable road con- 
struction and quantification of the emissions reductions that those 
criteria provide. 

This research selected a 14-mi-long freeway segment consisting of 
six lanes on I-85 close to Greenville, South Carolina, as the study proj- 
ect. To determine the amounts of pollutants created during a highway 
repaving project, the EIO-LCA method was performed by use of the 
Carnegie Mellon University Green Design Institute online tool (3). 
The model required a monetary input in terms of 1997 dollars, so the 
civil works construction cost index system was used to adjust the 
project cost (75). 


Construction 


FIGURE 2 Potential sustainability impacts as a project progresses. 
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Life-Cycle Assessment Model 


The EIO-LCA model was used in the present study because of sev- 
eral of its characteristics. The use of an economic input into the model 
allowed a logically estimated cost for the simulated project to be the 
single input. At the same time, the model outputs are similar enough 
to the outputs of the PARAMICS model that the necessary compari- 
son between analyses could be made. The model also provides a faster 
LCA than other models and is free. Its disadvantage is compensated 
for by the acceptance of approximation by the authors (3). The accep- 
tance of approximation stems from the large scale and conservative 
comparison of the total emissions and energy consumption levels 
from operations and construction. The model’s approximation is 
linked to its methodology and is discussed in the next two paragraphs. 
Lastly, the most important characteristic of the model is the break- 
down of the outputs into sectors, which allows the crucial matching 
of the sectors with the Greenroads credits. This matching is a vital and 
unique part of the study’s methodology. 

The EIO-LCA method calculates the energy requirements, eco- 
nomic impacts, and greenhouse gas and common pollutant emissions 
from economic activities in the United States (3). EIO-LCA pro- 
vides results based on a monetary input and the selected activity, 
product, service, or industry. It is an assessment model that takes 
the known material and energy requirements of hundreds of economic 
sectors and their known interactions among each other and uses a 
matrix setup to compute mathematically the effects of demand activ- 
ity in one sector on another (3). The economic interactions between 
sectors are based on averaged data from each sector or industry and 
what is being assessed (3). The model runs the interactions and then 
totals the economic input for each sector, which it uses to calculate the 
output data. The emissions and pollution outputs that the model gen- 
erates are calculated with the addition of an environmental compo- 
nent in the matrix model (3). The economic effects of each sector are 
input into the environmental calculations to obtain the environmental 
outputs (3). 

The EIO-LCA model performs calculations on a huge scale on 
the basis of a large amount of data. Despite the mathematical model 
matrix, the method has several limitations. One limitation is the fact 
that the economic, energy, and resource interactions between sectors 
in the model are based on sectorwide averages (3). For example, in 
the present study the machinery and equipment rental and leasing sec- 
tor is one of the top 10 sectors emitting sulfur dioxide. The model does 
not distinguish between the use of a propane-powered forklift and the 
use of an off-road dump truck, even though their environmental and 
economic impacts on other sectors are very different. It instead uses 
an industrywide average (3). This should not have a large effect on the 
present study, because the focus is on the total emissions output of the 
construction project compared with the total output of sustainable 
operations, which are extremely approximate and large-scale values. 
The EIO-LCA used is based on the U.S. EIO 1997 model, which is 
created every 5 years (3). An EIO-LCA model has been developed on 
the basis of the 2002 benchmark but is not freely available. 


Network Modeling and Traffic Simulation 


This section discusses the method used to build the traffic network 
of selected sites, calibrate the traffic data, and model HOV lane oper- 
ation and public transit. The traffic simulation model was developed 
in PARAMICS, which is a traffic microsimulator (16). 

Using the highway segment along I-85 in Greenville, South 
Carolina, as the simulated network, the authors first referenced 


Transportation Research Record 2163 


geographical information system data for all roadway corridors 
provided by the South Carolina Department of Natural Resources 
online database to build the study network. The authors then used 
planning sheets for the freeway sections provided by the South 
Carolina Department of Transportation (SCDOT) to verify the num- 
bers of lanes observed on the aerial photos and to provide informa- 
tion about the grades along the freeway. In addition, the researchers 
visited the study site during the model-building process to observe 
and record road characteristics that could not be found from other 
sources, such as sign postings and turn restrictions. Primary traffic 
count data were obtained from SCDOT and were supplemented with 
data collected during the site visits. Traffic signal timing and phas- 
ing information was also provided by SCDOT and local jurisdictions 
or was collected during the site visits. The percentages of trucks and 
vehicle queue length data were also obtained during site visits. 

Calibration and validation steps were preformed to ensure that the 
simulation model accurately reflects real traffic conditions. First, for 
calibration, the traffic volume observed in the field was compared 
with that generated by the simulation model. Comparison of the mea- 
sured and simulated volumes at the 21 freeway links and 26 arterial 
links at the Greenville site shows that the overall simulated traffic 
volumes varied within 1% of the measured volume. Also, the high- 
est individual volume error was no more than 10%, with most errors 
being less than 5%. Second, the authors validated the simulation out- 
puts by comparing the observed travel times and queue lengths with 
those from the simulations. The observed travel times were collected 
by the floating-car-run technique (/7) along each direction of the 
freeway during evening peak hours. A mean travel time with a 95% 
level of confidence and an assumed error rate of 1% was used to 
determine the number of runs in each direction. The variance was 
determined from the field data. During the simulation, the authors 
recorded the average vehicular travel time along the corresponding 
freeway directions and lengths during the same evening peak hours 
used for the simulated travel times. 


HOV Lanes and Public Transit 


The present study defined the leftmost lane as the HOV lane through 
the entire network. For the case of having transit access, one transit 
route was defined to circle the entire network with 13 bus stops, as 
shown in Figure 3. A total of eight buses, each with a maximum 
capacity of 80 passengers, were running with a 30-min headway. The 
simulation time lasts 3 h, from 16:00 to 19:00 h, which represents the 
peak hours of traffic. The passenger occupancy of each bus was set 
up in different half hours, according to the peak traffic time, and 
ranged from 30 to 60 passengers on 80-passenger buses. The HOV 
lane restrictions were enforced during the 3-h simulation time, and 
the PARAMICS model assumes a 13.2% traffic usage of the HOV 
lane (17). 


Benefit Analysis of Traffic Demand 
Management Strategies 


The simulation runs provided four categories of measures of effec- 
tiveness: 


e Vehicle miles traveled, 
e Vehicle hours traveled, 
e Fuel consumption, and 
e Emissions. 
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FIGURE 3 Transit bus stops. 


Benefits were calculated by using the simulation outputs, depending 
on the applicable measure of effectiveness, such as travel time delay 
(in seconds) and energy consumption (in gallons). 

Mobile6 software, developed for the U.S. Environmental Protec- 
tion Agency, was used to find the emissions rates for the simulations 
(/8). All emissions and fuel consumption (expressed at a rate of grams 
per second per vehicle) were input into PARAMICS to generate the 
emissions. Different rates are provided for different speeds for three 
vehicle types, light-duty gasoline vehicles, heavy-duty gasoline vehi- 
cles, and heavy-duty diesel vehicles, for speeds ranging from 2.5 mph 
(the lower limit of Mobile6, assumed to be idle speed) to 65 mph (the 
upper limit of Mobile6, assumed to be the free-flow speed). For val- 
ues above and below the range, the closest value was used. Interpola- 
tion was used for emissions values for vehicles in between the speed 
and emissions rate values given, and an average vehicle age of 9 years 
was used for all categories (19). Overall, emissions rates were deter- 
mined for six types of pollutants, carbon monoxide (CO), nitrous 
oxide (NO,), total hydrocarbons (THCs), particulate matter (PM), 
volatile organic compounds (VOCs), and carbon dioxide (CO,), 
for 17 different types of vehicles and at eight different speeds from 
2.5 through 65 mph. 

The fuel consumption rates were calculated from various other 
sources (19-22). The number of vehicles in each weight range was 
based on the number of vehicles registered in South Carolina for 
each range (23). The number of vehicles and the fuel consumption 
rate for each weight range were used to determine the weighted- 
average fuel consumption rates for the two heavy-duty vehicle types. 
The weighted-average fuel consumption rates were converted to a 
rate of gallons per second at each speed, with 5-mph increments, for 
input into PARAMICS. 


ANALYSIS OF RESULTS 
This section first presents the sustainable measures chosen for use 


during the process of repaving the selected highway segment and 
the resulting air pollution reductions compared with the air pollu- 


tion resulting from performance of the project without the use of 
environmentally sustainable efforts. The air pollution reductions and 
the travel time savings obtained by the use of two sustainable opera- 
tions strategies, an HOV lane and public transit, are then presented 
and compared with the reductions and savings from the repaving 
construction process for the same highway segment. 


Air Pollution Reduction Using Green Credits 


The EIO-LCA model required a monetary input in terms of 1997 
dollars, so the civil works construction cost index system was used 
to convert the project cost from 2009 into the equivalent 1997 cost. 
Once the monetary input was determined, the total emissions output 
was given from the model, shown in Table 1. The Greenroads credit 
system was used to identify sectors in the EIO-LCA output that 
could be targeted by sustainable methods. Individual credit criteria 
that could be easily measured and identified in the LCA output were 
selected. For example, the Greenroads credit for regionally provided 
materials, worth up to 2 credits, was selected because the goal is to 
reduce transportation-related emissions. This credit was easily iden- 
tified in the model output through three transportation sectors: water, 
rail, and truck transportation. To simulate the largest effect that 
regionally provided materials could have on emissions, the emissions 
of the three transportation sectors were removed from the emissions 
totals to observe the potential reduction. 

Five criteria for credits that could be easily identified and paired 
with sector outputs were selected and simulated in the manner 
described above. This method of analysis allows the effects of the 
environmentally sustainable construction methods to be quantified 
into emissions and energy reductions to compare them with the effects 
of an environmentally sustainable traffic operation. Table 1 shows the 
potential reductions that each of the five selected Greenroads credits 
could create through elimination of the sectors involved with the 
credit from the pollution output totals. Table 1 also shows the CO, 
emissions and total energy reductions that each credit could deliver. 
Energy is defined in terajoules, and emissions are represented in 
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TABLE 1 Potential Emissions and Energy Reductions 


Emissions and Energy 


SO, co NO, VOC 
(tonnes) (tonnes) (tonnes) (tonnes) 


PM10 CO, Energy 


Model Sector—Greenroad Credit Criterion (tonnes) (tonnes) (TJ) 


Cement-recycled content 43 2.8 55 43 0.7 1,220.0 10.5 
Transportation—regionally produced materials 0.9 87.8 12.1 9.2 0.5 1,401.0 13.9 
Oil refineries and extraction—reduced fossil fuel use 1.9 1.9 0.8 1.8 0.2 788.0 15.2 
Mining and quarrying—pavement reuse 5.8 10.8 4.1 21 1.2 136.0 23 
Asphalt paving mixture-warm-mix asphalt 0.4 0.6 0.4 0.4 0.6 152.0 2:9 
Total reduction for selected sector 13.3 103.9 22.9 17.8 3.2 3,697.0 44.9 


Note: SO, = sulfur dioxide, PM10 = particulate matter with diameter of 10 micrometers or less, TJ = terajoules. 


tonnes. Table 1 allows the credit with the largest potential to improve 
air quality to be identified on the basis of the total pollution output 
or the output of a targeted pollutant. It also allows the greenhouse 
gas with the highest levels of emissions, CO», to be identified or 
the sector with the largest reduction in the level of energy con- 
sumption to be identified. However, in the present study the focus 
is on the total emissions production of the construction project and 
the potential emissions reductions and how they compare with the 
environmentally sustainable operations-related reductions. 

Once the reductions for the five individual sectors were determined, 
the percent reduction of the total emissions of each pollutant was cal- 
culated for each sector. Figure 4 shows the percent reductions for the 
emissions and energy in each sector. The single green credit criterion 
with the greatest potential to reduce pollution is the regional produc- 
tion of materials. This credit eliminated the pollution from the three 
transportation sectors from the total pollution output and resulted in a 
reduction in the amount of carbon monoxide produced from the entire 
repaving project of almost 50%. Although 100% of the transportation 
activity could never realistically be eliminated from any project, this 
result shows that emissions from the transportation sector are major 
contributors to the total carbon monoxide emissions in highway con- 
struction and would be a perfect target in the implementation of sus- 
tainable efforts. Figure 4 also shows that the other four credit criteria 
studied would not be effective targets for reducing carbon monoxide 
emissions because even if the total contributions of one of the credit 


criteria were eliminated, the reductions would be substantially less 
than 10%. The largest CO, reduction could be reached by reducing 
transportation efforts during construction. This is an important find- 
ing, because CO, is acommonly targeted greenhouse gas. Transporta- 
tion also has the largest potential to reduce the energy consumed 
during construction, which further demonstrates that the transporta- 
tion efforts for a roadway repaving project are a major source of a 
project’s emissions. 

The warm-mix asphalt credit criterion shown in Figure 4 demon- 
strates that even if 100% of the emissions from the production of 
asphalt were eliminated from the project total, there would not be a 
reduction in the emissions of any of the pollutants of more than 5%. 
Despite the large amount of research on warm-mix asphalt and efforts 
by state governments to use warm-mix asphalt, it produces a relatively 
small potential reduction in emissions compared with those achieved 
through other sustainable efforts. 


Impacts of Sustainable Traffic Operations 


Figure 5 shows the percent reduction in the emissions of various air 
pollutants when an HOV lane or public transit is implemented. Fig- 
ure 6 displays the percent savings in fuel use and the reduction of traf- 
fic delays when an HOV lane or public transit is implemented. As 
seen from Figure 5, public transit can significantly reduce the amount 
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FIGURE 4 Potential emissions reduction by green credit criterion. 
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FIGURE 5 Percentage reduction of pollutants using HOV and public transit. 


of air pollution in the network evaluated, especially PM emissions, 
whereas HOV lanes can reduce more NO, and PM emissions. Fig- 
ure 6 indicates that use of an HOV lane can save more energy and 
reduce a larger amount of traffic delay than the implementation of 
public transit systems can. Figure 6 also shows that when public tran- 
sit is implemented, there is a much larger savings of gasoline than 
diesel. This is because most transit users are using transit as an alter- 
native to their gasoline-powered cars and not diesel-powered vehicles. 
In other words, transit systems mostly remove passenger cars from the 
road, a large percentage of which are gasoline powered and not diesel 
powered. 


Comparison of Green Credits and 
Sustainable Traffic Operations 


Although the concept of sustainability is becoming more popular 
in transportation projects, it is interesting to determine whether the 
green credits or environmentally sustainable traffic operations can 
contribute more to improvements in air quality. The air pollution 
generated by the simulation were converted into monthly values and 


then compared with the air pollution created by the entire repaving 
process. The energy (in gallons) consumed by traffic was converted 
to terajoules and compared with the EIO-LCA model output for total 
energy. 

As displayed in Figure 7, the amount of emissions from even 
1 month of traffic is significantly greater than the amount from 
repaving for all but one pollutant. Compared with the environmen- 
tally sustainable construction efforts, use of environmentally sus- 
tainable traffic operation strategies creates a much larger potential 
reduction in emissions and, therefore, a larger improvement in air 
quality. Consider CO, as an example. The emissions from 1 month 
of traffic are almost three times greater than the amount created by 
repaving. The results show that traffic indeed takes more responsibil- 
ity for the global warming issue. This result is increased immensely 
if traffic emissions are determined and compared over the pavement’ s 
lifetime instead of just 1 month. Moreover, the impacts are not lim- 
ited only to air quality, as other social impacts, such as reductions 
in traffic delay, occur. This reduction in traffic delay also reduces 
the demand for a larger transportation infrastructure, which can 
ultimately reduce roadway construction, extending the effects of 
sustainable operations. 


7.1% 


Deiay 


Unleaded Gas 


Diesei 


Vehicle Delay and Fuel Consumption 


MTransit DHOV 


FIGURE 6 Percentage reduction of fuel consumption and delay by use of HOV and 


public transit. 
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FIGURE 7 Air pollution and energy comparisons of traffic and construction. 


Despite the heavy focus on developing environmentally sustainable 
roadway materials, more attention should be focused on implement- 
ing different environmentally sustainable traffic operation strategies to 
move transportation systems to a better future. The present study does 
not attempt to reduce the need for the Greenroads system because 
the system as a whole aims to address many other sustainability 
issues besides air pollution. However, further studies could be con- 
ducted using an LCA to compare other Greenroads credits and their 
effectiveness for achieving sustainability. 


Combination of Greenroads Credits 
and Sustainable Traffic Operations 


Although the emissions and energy consumption levels of different 
stages of a highway life span can be compared, they can also be com- 
bined. This combination quantifies a portion of the emissions emitted 
and the energy consumed over the lifetime of the highway section. 
Because the present study looked at the repaving and operations of the 
highway, a portion of the environmental impact due to operations and 
maintenance is quantified. Combining the results shows that a huge 
amount of CO, is emitted and a large amount of energy is consumed. 
CO, emissions top 100,000 tons, and 570 terajoules of energy is con- 
sumed throughout the repaving process and the first year of operations 
of the 14-mi segment of highway. 


CONCLUSIONS 


On the basis of evaluation of a highway repaving project, the present 
study identified five key green credits from the Greenroads rating sys- 
tem that are associated with the construction process and that could 
easily be identified in the EIO-LCA output. Once the credits were 
matched to the output, the potential reduction of six types of emissions 
and the amount of energy consumed could be measured. The reduc- 
tions from the repaving project were then compared with the reduc- 
tions from the addition of public transit services and HOV lane 
operations, determined by analysis of the same highway segment with 
a traffic microsimulator. 


Compared with the emissions created by the construction process, 
the traffic flow over just 1 month generates a substantially larger 
amount of emissions, especially of CO, CO,, and NO,, which traffic 
produced in amounts more than three times the amounts that the 
repaving project produced. The use of transit and a HOV lane cre- 
ated reductions of up to 40% for PM and NO, and also showed reduc- 
tions in the levels of gas and diesel consumption. The results of the 
present study and the demonstration of successful environmentally 
sustainable highway operations in the past show that the implemen- 
tation of travel demand management strategies can produce major 
reductions in emissions and energy consumption during the lifetime 
of a highway. Although sustainable construction efforts can have an 
impact on emissions reductions, they are relatively small compared 
with the potential reductions that environmentally sustainable traffic 
operations can produce. 

The present study demonstrates the ability of an LCA to deter- 
mine the impacts of individual stages in a system’s life span and the 
conclusions and strategies that can be developed from it. The pres- 
ent study could be expanded to compare the cost-effectiveness of 
various efforts to achieving transportation sustainability. The large 
variations in the costs of operations and construction efforts will 
make this a challenging variable in the evaluation of the economic 
impact of a project. 
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Environmental Efficiency Model Based 
on Data Envelopment Analysis 
and Its Application to Environmentally 
Sustainable Transport Policies 


Daisuke Yoshino, Akimasa Fujiwara, and Junyi Zhang 


To realize environmentally sustainable transport (EST), it becomes more 
and more important to reduce the environmental load from the transport 
sector while maintaining the level of mobility. Because mobility policies 
often conflict with environmental ones, policy decision makers need to find 
a way to solve the exclusiveness between these two policies. This study 
attempts to apply the concept of ecoefficiency, originally proposed by the 
World Business Council for Sustainable Development, to tackle the 
dilemma between urban mobility and environmental load in cities in both 
developed and developing countries. This study proposes a new model, the 
environmental efficiency (EE) model, which expands the concept of the 
data envelopment analysis cost-efficiency model. This new model aims to 
measure the efficiency of energy consumption at a given level of mobility 
in each transport system by incorporating some feasible conditions. In 
addition, the model can find multiple sets of frontier cities that are the most 
efficient among homogeneously developed cities. Consequently, the pro- 
posed method contributes to providing each city with a feasible transport 
energy consumption goal. Moreover, a panel analysis was carried out to 
examine temporal changes in environmental efficiency. Finally, the effects 
of some EST policies implemented to raise efficiency are simulated on the 
basis of the EE model, including modal shifts in a city, technological inno- 
vations to improve the intensity of energy consumption in cities, and the 
emissions trading scheme between cities in developing and developed 
countries. The method is confirmed to be a useful tool for the establishment 
of more plausible targets for transport energy-saving policies. 


Public concern about environmental issues is growing, and such 
concern is not limited to the transport sector. Heated debates and 
serious negotiations over countermeasures have been carried out at 
the national and city levels. Meanwhile, there is no doubt that the 
increased motorization brought about by transport infrastructure 
investments has contributed to improved economic growth and qual- 
ity of life (QOL) in developed cities [i.e., cities with a higher gross 
domestic product (GDP) per capita]. Similar to developed cities, devel- 
oping cities (i.e., cities with a lower GDP per capita) also have a right 
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to guarantee economic growth and a good QOL for their populations, 
and policies promoting motorization are still required. 

From the viewpoint of global warming, both developed and devel- 
oping cities should collaborate to reduce energy consumption from 
the transport sector and move toward a low-carbon society. Each city 
must therefore execute appropriate policies to achieve environmen- 
tally sustainable transport (EST). With common agendas such as the 
Kyoto Protocols, it is becoming more and more important for devel- 
oping cities not only to minimize their environmental loads but also 
to maintain their levels of mobility. Policy decision makers need to 
find solutions to the exclusiveness between these two counter- 
measures. The concept of “ecoefficiency” proposed by the World 
Business Council for Sustainable Development in 1997 (1) is con- 
cerned with creating more value with less of an impact and seems to 
be useful as a means of securing compatibility between economic 
growth and environmental conservation. 

The study described here attempts to expand the concept of eco- 
efficiency to develop an environmental efficiency (EE) model based 
on the data envelopment analysis (DEA) cost-efficiency model focus- 
ing on transport systems. The basic ideas behind DEA date back to the 
work of Farrell (2), but the recent series of discussions started with an 
article by Charnes et al. (3). In addition, Coelli et al. (4) and Cooper 
et al. (5) offer well-organized systematic overviews. In this paper, the 
EE model is newly estimated by using a four-wave panel of data col- 
lected from 46 cities from throughout the world (6, 7). Finally, models 
are applied to evaluate some policies for efficient energy consumption. 

This paper is organized as follows. First, the existing literature 
focusing on EE is reviewed. Second, the theory and characteristics 
of the EE model are described. Third, the estimation results of the EE 
model are discussed. This is followed by the evaluation of some EST 
policies. Finally, key conclusions and future tasks are summarized. 


METHODOLOGICAL REVIEW AND DEFINITION 


Some studies have dealt with EE in the transport field. Senbil et al. 
employed stochastic frontier analysis (SFA) to evaluate the structure 
of transport energy consumption and clarified some factors that sig- 
nificantly affect EE by using a Tobit model (8). Pitt and Smith (9), 
Feng et al. (/0), and Ahmad et al. (77) also evaluated EE in the trans- 
port sector by using SFA or DEA. Even though these studies adopted 
different approaches, they commonly defined EE as the ratio of the 
transport index (input) and the environmental index (output). 

The definition presented above, however, has some unresolved 
problems. One of them is the diversity of transport systems inherent 
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in each city. EE is clearly influenced by several factors. The weight 
of each factor may also vary with the levels of infrastructure devel- 
opment, transport investment, land use patterns, and so on. How- 
ever, existing studies usually assume equal weights for all factors. 
Ignoring the diversity of transport systems in the determination of 
energy-saving countermeasures for those systems may incorrectly 
lead to the establishment of a uniform target of efficiency for all 
cities. To resolve this problem, a new EE model needs to be built to 
deal with adjustable weights. 

Another problem is the intercity heterogeneity of the energy con- 
sumption structure. In general, cities usually have different historical 
paths of development and investment for urban facilities and transport 
infrastructures, and consequently, they have different attributes (e.g., 
different levels of infrastructure development, population densities 
and distributions, and land use patterns). They may also set different 
targets depending on their philosophy, as set forth in city perspectives 
and master plans. The factors influencing current energy consumption 
might not be stable across cities. However, the existing SFA and DEA 
models, based on the simple ratio between input and output, cannot 
accommodate the heterogeneous structure of energy consumption in 
detail. Thus, a new type of EE model is required to cope with this 
methodological issue. 

Responding to the problems described above, the study described 
here attempted to propose a new cause-effect structure of energy 
consumption on the basis of the concept of the DEA cost-efficiency 
model (/2, 13). To reflect the intercity diversity of transport sys- 
tems, all cities will be divided into certain homogeneous groups 
before model estimation. Moreover, to address the intercity hetero- 
geneity of the energy consumption structure, a new EE model that 
consists of measurement equations that capture causal factors and 
their inconstant weights is proposed. 

In the cost-efficiency model mentioned above, it is supposed that 
input indices can be expressed as a function of factors related to travel 
demand, and energy intensities can be set as cost indices that are the 
input unit value. In concrete terms, average annual trip distances (in 
kilometers) for public and private transport modes are used as input 
indices, and energy intensities that indicate the amount of energy con- 
sumed (in megajoules) per passenger kilometer for each mode are used 
as cost indices. By multiplying the input indices by the cost indices, the 
total amount of energy consumed is obtained. Moreover, the average 
trip speed (the average of two modes, in kilometers per hour) is used 
as the output index to explain the level of mobility at the city level. 

The proposed DEA cost-efficiency model assumes m inputs, 
S outputs, and n cities. The EE of city k (EE,) can be expressed as 
indicated in Equation 1: 


ct Pax? 
EE, =< = —_ () 


C, 
> PicXix 


i=l 


where 


Xj, = is observed input index i for city k(i=1,2,...,m), 

Pu = observed cost per unit input i for city k, 

c; = observed energy consumption, 

c{ = optimum energy consumption that minimizes the total energy 
consumption for public and private transport modes under the 
condition of securing the current level of the output index, and 

xj = optimized amount of input i obtained by following the 
cost-efficiency model (see Equations 2 to 7). 
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where 


x, = observed input index i for city j, 
y,j = observed output index r for city j (r=1,2,...,5), and 
A, = weight of jth city (a nonnegative n-dimension vector). 


Equation 2 includes the input vector X = (x, %2, .. . , %,)" as a set of 
causal factors that vary across cities. It minimizes the total amount of 
energy consumption on the basis of the vector of energy consumption 
intensity, P,, = (Pir Prt +++ Pink): 


DEVELOPMENT OF ENVIRONMENTAL 
EFFICIENCY MODEL 


Efficiency Analysis Incorporating 
Intercity Heterogeneity 


Introduction of Input Index with a Political Threshold 


Because the energy intensity of public transport (PT) is superior to that 
of the private car (PC) in general, it is necessary to reduce PC use more 
than PT use. It is hard to assume that the infrastructure for PT (e.g., rail- 
way and bus networks) that has already been constructed would be 
abandoned to improve the inner-city energy consumption structure. 
Therefore, another condition is added to Equations 2 to 7, in which 
the input index of PT should be maintained as the status quo (/4). 
Here, the condition is called the input index with a political threshold. 


Integrated Frontier Curve 


Because each city has its own philosophy of transport planning, each 
city may have different transport mode targets to improve the level of 
mobility in the whole city. The conventional DEA looks for an opti- 
mum solution on the frontier curve by referring to all PT-oriented, 
PC-oriented, and PT—PC-balanced cities with different attributes. 
However, it is not reasonable to use a compromise, as cities have 
different perspectives and approaches to determining a frontier. 

To resolve the problem, this study assumes that the convex set 
between different groups, that is, the PT-oriented, PC-oriented, 
and PT—PC-balanced cities, is not allowed. Specifically, at first, 
three frontier curves (see the dashed lines in Figure 1) are drawn 
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Average public transport trip distance @ Group A: Private car (PC)-oriented city 
~~ Average trip speed __ © Group B: Public transport (PT)-oriented city 
Frontier © Group C: PT/PC-balanced city 
integrating group A Nonreference city 
A,B,C 
== == Energy contour of city T 
\ 
_ Production possibility set \ 
‘ Frontier cities 
wi. (Group B) 
Frontier cities 
(Group C) 
Frontier cities 
(Group A) 
O Average private car trip distance 
Average trip speed 
FIGURE 1 Concept of the proposed EE model. 
TABLE 1 Estimation Results of Cluster Analysis 
1960 1970 
PC-Oriented PC-—PT-Balanced PT-Oriented PC-Oriented PC-PT-Balanced PT-Oriented 
Road length 6.94 2.67 2.03 7.29 4.63 312 
(m/capita) 
PT length 24.22 60.37 103.80 21.14 57.58 95.34 
(m/capita) 
No. of cities’? 17 12 =} 17 16 5 
Cities Amsterdam, Netherlands _ Brussels, Belgium London Amsterdam Adelaide, Australia Copenhagen 
Boston, Massachusetts Chicago, Illinois Stockholm, Sweden _ Boston Brisbane, Australia London 
Calgary, Canada Copenhagen, Denmark Zurich, Switzerland Calgary Brussels Stockholm 
Denver, Colorado Frankfurt, Germany Canberra, Australia © Chicago Tokyo 
Detroit, Michigan Hamburg, Germany Denver Frankfurt Zurich 
Edmonton, Canada Los Angeles, California Detroit Hamburg 
Houston, Texas Montreal, Canada Edmonton Melbourne, Australia 
Munich, Germany New York Houston Montreal 
Ottawa, Canada Paris Los Angeles Munich 
Phoenix, Arizona Toronto, Canada Ottawa New York 
Portland, Oregon Vienna, Austria Phoenix Paris 
Sacramento, California Winnipeg, Canada Portland Perth, Australia 
San Diego, California Sacramento Sydney, Australia 
San Francisco, California San Diego Toronto 
Vancouver, Canada San Francisco Vienna 
Washington, D.C. Vancouver Winnipeg 
Washington 


“Developing cities are not included in cluster analysis, so total number of cities changes during four decades. 
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independently on the basis of reference sets of three groups. They 
are then combined as an integrated frontier for each group (see the 
shaded curve with a dashed line in Figure 1). Finally, to measure EE, 
each city universally searches the reference sets on the integrated 
frontier curve across the boundary of its own production area. This 
approach allows development in the city to proceed and enables the 
effective evaluation of efficiency (15). 

By this approach, all cities should be distinguished a priori into sev- 
eral exclusive groups. Cluster analysis was used to identify the groups 
in this study, in which the Euclidean distance was calculated on the 
basis of the levels of infrastructure development, such as the road 
length per capita and the operating distance of PT per capita. As a 
result of the analysis, each city was categorized into one of three clus- 
ters, PC-oriented, PT-oriented, and PT-PC-balanced cities, at four 
different points in time from 1960 to 1990 (Table 1). Note that for the 
reasons described in the following section, developing cities (defined 
as cities with GDPs of less than $10,000 per capita at each time point) 
are not included in the reference sets. 


Introduction of Nonreference Set 


Investment in the transport infrastructure is irreversible because 
it is not realistic to assume that developed cities that have invested 
well in their transport infrastructure would reduce their higher 
mobility level to a lower level such as that in developing cities, 
even if developing cities are identified to be more efficient because 
of their less excessive energy consumption. Thus, it is also assumed 
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that developing cities belong to the nonreference set, which is not 
included in any reference set for developed cities to avoid an 
infeasible evaluation. 


Development of EE Efficiency Model 


Supplementing the conditions in Equations 2 to 7, as discussed in 
the previous section, a new EE model of city k is derived from the 
mixed-integer nonlinear programming given in Equations 8 to 20. 


m 


minimize c, = ¥° py; (8) 
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subject to 


¥ xhy + > XyAy + > Xyhg Sx; (§=1,2, 0007} (9) 
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Xp SX; (i=m’+1,...,m) (10) 
Vadgt >, thg em (r=1h2)...00) (11) 
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yw = 2a (12) 
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1980 1990 
PC-Oriented | PC-PT-Balanced PT-Oriented PC-Oriented PC-—PT-Balanced PT-Oriented 
8.39 5.35 3.36 7Al 4.97 2.23 
18.40 56.95 108.82 24.82 62.19 127.69 
9 24 5 12 21 i 

Boston Adelaide Copenhagen Chicago Adelaide Copenhagen 
Denver Amsterdam London Boston Amsterdam Hong Kong 
Detroit Brisbane Stockholm Denver Brisbane London 
Houston Brussels Tokyo Detroit Brussels Singapore 
Los Angeles Calgary Zurich Houston Calgary Stockholm 
Phoenix Canberra Los Angeles Canberra Toronto 
Portland Chicago Phoenix Edmonton Zurich 
Sacramento Edmonton Portland Frankfurt 
San Diego Frankfurt Sacramento Hamburg 

Hamburg San Diego Melbourne 

Melbourne Washington Montreal 

Montreal Winnipeg Munich 

Munich New York 

New York Ottawa 

Ottawa Paris 

Paris Perth 

Perth San Francisco 

San Francisco Sydney 

Sydney Tokyo 

Toronto Vancouver 

Vancouver Vienna 

Vienna 

Washington 
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Age (f=, 2,...,84) (17) 
Ay 20 896 (j=n'+l,...,n”) (18) 
Ag 20 (j=n’+1,...,n”) (19) 
Zqs 2% =O orl (20) 
where 


i = input index without a threshold (i=1,2,...,m’) 
and with a threshold (i= m’+1,...,); 
r = output index (r=1,2,..., 5); 
A, B, and C = groups of cities; 
j = acity in Group A [PC-oriented cities (j = 1, 2, 
...,#)], Group B [PT-oriented cities (j=n’ +1, 
...,2”)], and Group C [PT-PC-balanced cities 


(j=n"+1,...,n’”)]in the nonreference set 
(GG=n'’+1,...,n); 


Xo/y \ 
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aj Aw and Ag = n’-, n” — (n’ + 1)-, and n’” — (n’” + 1)-dimen- 
sional nonnegative vectors, respectively; and 
ZA, Zp, and Zc = dichotomous variables (0, 1). 


Figure 1 illustrates the concept of the proposed EE model, in 
which, for example, the x-axis indicates the ratio between average PC 
trip distance (i.e., demand as an input index) and average trip speed 
(i.e., mobility level as an output index) and the y-axis indicates the 
ratio between the average PT trip distance and the average trip speed. 
Thus, a lower value in the x-axis—y-axis implies greater efficiency in 
PC-PT energy consumption. Suppose that the dashed—dotted line 
in Figure 1 is the contour line of energy consumption of City T in 
Group B (i.e., a PT-oriented city). The point T’ on the integrated 
frontier curve meets the optimum. Accordingly, the ratio of the opti- 
mal level of efficiency of energy consumption (OT’) to the current 
level of efficiency of energy consumption (OT) represents the EE 
score for city T. 


Panel Analysis 


When the EE model is used in the cross-sectional analysis, z} is a 
solution of z, in this model, as shown in Figure 2. In case of time 
series analysis, however, the frontier may shift over a given time 
period from time f to t+ 1. Moreover, as seen in Table 1, over the four 
time periods from 1960 to 1990, the group to which each city belongs 
changes. In this case, the performance at time ¢ should be reevaluated 
by the frontier at t+ 1. The Malmquist approach can be applied to 
evaluate the frontier shift caused by a technological innovation (6). 

In Figure 2, z, and z,,, indicate the performances of a city at 
times t and t+ 1. f, and f,,, express the frontiers at times tf and r+ 1, 
respectively. It is known that the Malmquist index (M,) (17) can 


Cost counter 


Production frontier 


f,: Cost frontier at t 


7 t zat 
f “a | 
Fé we 8 \ 
eit \ \ 
a ft,1 : Cost frontier at t+1 


xy 


FIGURE 2 Evaluation of efficiency on the basis of Malmquist approach. 
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be resolved into a catch-up (CU) index with a frontier shift (FS) 
index, as shown in Equation 21, in which the former means the 
temporal change of distance to the frontier and the latter states the 
temporal shift of the frontier. 


M, = CU index * FS index 


z FY (x, y) {| F! (x, y) 


es 


F' (x, y') FY (3 y™) Fl (x', y') 
F' (x, y') -4 


FY (ait, y") = Se 


(21) 
F' (a ‘yal = “ 
»y am zit 
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where F(x, y) indicates the efficiency score of a city with input x 
and output y. The superscript to F indicates the time period of the 
frontier, and the superscripts to x and y indicate the time periods 
of the input and output indices, respectively. If the FS index is less 
than 1.0, the technologies are retrogressive for the cities. Other- 
wise, the technology becomes progressive. If the CU index is less 
than 1.0, the efficiency score in the corresponding city declines 
between two time points; otherwise, the efficiency score increases. 
Therefore, Malmquist indices calculated before and after the intro- 
duction of the EST policies under study can be used to measure the 
effects of policy implementation. 


EVALUATING ENVIRONMENTAL EFFICIENCY 
OF TRANSPORT SYSTEMS 


For the purpose of confirming its applicability to policy analysis, the 
proposed EE model was applied to measure the efficiency of trans- 
port systems by using data from a database for 46 cities worldwide at 
four different points in time (1960, 1970, 1980, and 1990), as shown 
in Table 2. Because of space limitations, the results of the analysis for 
1990 are mainly discussed here. 

The cities shaded in Table 2 have environmental efficiency scores 
of 1.0, which means that they are cities on the frontier. Meanwhile, 
the cities shown in boldface in Table 2 belong to the reference sets in 
the corresponding groups. Table 2 shows that in PT-oriented cities, 
Copenhagen, and Hong Kong are the reference for many cities in not 
only the PT-oriented group but also other types of cities. These cities 
therefore hold a dominant environmental efficiency position. How- 
ever, the reference sets for two-thirds of the PC-oriented cities are 
PC-oriented cities (e.g., Denver, Sacramento, and Winnipeg). This 
implies that the efficiency scores obtained reflect the characteris- 
tics of the individual cities. Los Angeles, which was originally a 
member of the PC-oriented cities, can potentially improve its effi- 
ciency by referring to PT-oriented cities. In other words, the city 
needs to shift from a PC-oriented city to a PT-oriented city to improve 
its efficiency. Because the EE model proposed in this study allows 
cities to cross the borders of groups, such a latent potential improve- 
ment in efficiency can be estimated. Furthermore, more feasible and 
practical solutions can be found by relaxing the constraints used to 
form the reference sets for each group. 
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Figure 3 classifies cities into four cases on the basis of the combi- 
nation of the CU and FS indices (//) during the last four decades. For 
example, Case 1 shows the desirable growth of the entire global soci- 
ety, which implies that environmental technologies have been devel- 
oped in frontier cities and the non-frontier cities attempt to catch up 
to frontier cities. On the contrary, in Case 2, the improvement of 
the consumption structure stays stagnant in the non-frontier cities, 
whereas it is relatively improved in the frontier cities. Therefore, the 
gap between frontier cities and the rest of the cities is widened. In 
Case 3, improvements to the environmental technologies stay stag- 
nant in frontier cities, and other cities attempt to catch up to frontier 
cities. Case 4 is the worst case, in which environmental technologies 
stay stagnant all cities. 

Figure 4 shows the changes in the CU and FS indices in all cities 
from 1960 to 1990. As a general trend from 1960 to 1990, each city 
makes a transition from Case 3 to Case 2. This trend shows that fron- 
tier cities are developing their environmental technologies. In par- 
ticular, PT-oriented and compact cities (i.e., Copenhagen and Hong 
Kong) have an advantage. In contrast, PC-oriented cities and devel- 
oping cities cannot catch up to frontier cities. In such a case, it would 
be effective to transfer policies that promote technologies from fron- 
tier cities to other cities, for example, the effective use of intellectual 
property rights that have not been placed into operation, the effective 
use of human capital by personal exchanges, and the promotion of 
intercity coordination by joint research. In concrete terms, the policies 
in place in frontier cities in 1990 might be helpful to transport policy 
makers in other cities. For instance, in Copenhagen, the Finger Plan, 
which proceeds with transport-oriented development, has been intro- 
duced (/8). In addition, many transport policies are introduced in that 
plan, for instance, the regulation of loading ratios and the building of 
bicycle paths. Bicycle paths have also been built in Canberra. In 
other frontier cities, such as Hong Kong, a high-density PT network 
has been built. A PT network has been developed in Denver and 
Sacramento, and transit malls have also been introduced (/9). Such 
advanced policies might be useful in filling the gaps in environmental 
efficiency in other cities. 


EVALUATION OF POLICIES IMPROVING 
ENVIRONMENTAL EFFICIENCY 


Transport Policies 


The ideal structure for transport energy consumption in each city can 
theoretically be derived by use of the EE model. However, this opti- 
mal value from the EE model is estimated only from input—output 
indices and the cost index, and some solutions may not necessarily be 
realistic or practical. It is therefore necessary to propose policies to 
achieve environmentally efficient cities. There are two approaches. 
One is promoting input values from a lower energy intensity (i.e., 
the energy intensity in PC-oriented cities) to a higher energy intensity 
(i.e., the energy intensity in PT-oriented cities), and the other is the 
holding down the cost index. The former indicates a modal shift, and 
the latter indicates improvement of energy intensity. 


Modal Shift 
The case study presented here is used to examine a policy that could 


promote the modal shift from a lower-intensity mode (i.e., PC) to a 
higher-intensity one (i.e., PT). To prevent the implementation of 
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TABLE 2 Evaluation of EE of Transport Systems 


Energy Consumption 


(MJ/pkm) 
City EE Score Observed Optimum Reference Set (lambda) 
PC-Oriented 
Boston 58,429 38,947 Canberra (0.976), Montreal (0.024) 
Chicago 56,128 29,126 Copenhagen (0.835), Hong Kong (0.165) 


Detroit = 0.798 «62,733 “50,068 Denver (0.954), Winnipeg (0.046) 


Houston 0.877 71,603 62,767 Denver (0.517), Sacramento (0.483) 

Los Angeles 0.424 62,113 26,336 Copenhagen (0.847), Hong Kong (0.153) 

Phoenix 64,661 48,543 Denver (0.775), Winnipeg (0.225) 
70,709 56,777 Denver (0.676), Winnipeg (0.324) 


Portland 


San Diego 0.668 67,213 “44,900 Denver (0.930), Winnipeg (0.070) 


Washington 0.422 60,466 25,514 Copenhagen (0.728), Hong Kong (0.272) 
Winnipeg 0.458 39,365 18,018 Copenhagen (0.363), Hong Kong (0.637) 
PC-PT-Balanced 

Adelaide 0.608 37,099 22,557 Copenhagen (0.860), Hong Kong (0.140) 
Amsterdam 0.617 19,820 12,237 Copenhagen (0.303), Hong Kong (0.697) 
Brisbane 39,296 35,614 Denver (0.659), Winnipeg (0.341) 
Brussels 28,902 19,039 Copenhagen (0.378), Hong Kong (0.622) 
Calgary 47,157 29,665 Copenhagen (0.871), Hong Kong (0.129) 


24,684 Copenhagen (0.644), Hong Kong (0.356) 


Edmonton 0.561 44,026 

Frankfurt 0.697 38,268 26,666 Copenhagen (0.630), Hong Kong (0.370) 
Hamburg 0.407 36,744 14,949 Copenhagen (0.155), Hong Kong (0.845) 
Melbourne 0.623 38,934 24,250 Copenhagen (0.778), Hong Kong (0.222) 
Montreal 0.859 77,788 66,851 Copenhagen (0.588), Hong Kong (0.412) 
Munich 0.797 18,195 14,508 Copenhagen (0.382), Hong Kong (0.618) 
New York 0.467 51,655 24,142 Copenhagen (0.483), Hong Kong (0.517) 
Ottawa 0.646 33,635 21,733 Copenhagen (0.520), Hong Kong (0.480) 
Paris 0.666 24,255 16,151 Copenhagen (0.208), Hong Kong (0.792) 
Perth 0.534 41,396 22,086 Copenhagen (0.831), Hong Kong (0.169) 
San Francisco 0.418 65,806 27,488 Copenhagen (0.770), Hong Kong (0.230) 
Sydney 0.508 35,053 17,822 Copenhagen (0.489), Hong Kong (0.511) 
Tokyo 0.532 18,243 9,709 Copenhagen (0.077), Hong Kong (0.923) 
Vancouver 0.471 37,146 17,508 Copenhagen (0.560), Hong Kong (0.440) 
Vienna 0.557 20,616 11,486 Copenhagen (0.128), Hong Kong (0.872) 
PT-Oriented 


London 0.648 23,351 15,126 Copenhagen (0.281), Hong Kong (0.719) 


Singapore 0.753 18,078 13,610 Copenhagen (0.316), Hong Kong (0.684) 
Stockholm 0.873 26,835 23,420 Copenhagen (0.541), Hong Kong (0.459) 
Toronto 0.576 33,573 19,330 Copenhagen (0.352), Hong Kong (0.648) 
Zurich 0.666 25,230 16,816 Copenhagen (0.380), Hong Kong (0.620) 
Developing 

Bangkok, Thailand 0.490 29,959 14,684 Hong Kong (1.000) 

Jakarta, Indonesia 1.256 9,072 11,397 Copenhagen (0.064), Hong Kong (0.936) 
Kuala Lumpur, Malaysia 0.525 20,003 10,497 Copenhagen (0.233), Hong Kong (0.767) 
Manila, Philippines 1.540 7,316 11,267 Copenhagen (0.141), Hong Kong (0.859) 
Seoul, Korea 1.164 9,598 11,169 Copenhagen (0.214), Hong Kong (0.786) 
Surabaya, Indonesia 1.286 5,606 7,212 Copenhagen (0.068), Hong Kong (0.932) 


Note: MJ = megajoules, pkm = passenger kilometers. 
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FIGURE 3 Classification of cities by CU index and FS index. 


infeasible policies, an upper limit of the modal change is required. 
First, anew DEA model called the “energy use efficiency model” 
is estimated (20). The model is basically based on the output-oriented 
DEA model (5), which maximizes the output subject to a fixed input. 
Although the output-oriented model can be applied directly to max- 
imize the use of PT, it cannot be applied to minimize the use of PC. 
Unfortunately, however, the model that minimizes the output subject 
to a fixed input is not computable in the DEA program. Second, the 
model is transformed as a maximization problem to calculate the effi- 
ciency of PC, as shown in Figure 5. The average annual distance that 
PCs travel in each city (the output index) is replaced by a value of 
(21 — observed value), where p is the mean between the minimum 
and the maximum of observations (15). In Figure 5, the observations 
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FIGURE 4 Plots of CU index and FS index. 


expressed by gray circles indicate that better performance is achieved 
with a smaller output. However, as stated earlier, the minimization 
problem cannot be solved in the DEA program, and consequently, 
observations should be converted to (2u — observed value), which is 
expressed by the black circles in Figure 5. In this way, the PC energy 
use efficiency can be estimated. 

In the output-oriented DEA model, the efficiency score (n = 1.0) 
represents the highest efficiency, similar to the value in the EE 
model. The efficiency score, however, is greater than 1.0 in the case 
of inefficient cities. Detailed definitions can be found in Table 3. 
The energy use efficiency model is given in Equation 22. 


maximize ) (22) 
subject to 
ifj=1,...,n’ (developed cities) 
yxy t Xe 20 (i=, 2 ise) (23) 
jal 
Yd 2 Wa (r=1,2,...58) (24) 
j=l 
py ae (25) 
j=l 
20 Y=12...,7) (26) 


ifj=n'+1,...,n (developing cities) 
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FIGURE 5 PC energy use efficiency model. 


~¥ xh, +%q 20 (f= 1,2; «+ 9am) (27) 
j=a'+l 
Duh 2 We (e=1,2....,8) (28) 
Jj=n'+ 
¥a,=1 (29) 
j=n'+1 
4,20 (j=n’+1,2,...,n) (30) 


where x, and y;; are the ith input and the rth output variables of city j 
(developed cities (j= 1, 2,...,n’) and developing cities (j=n’ +1, 

. ,N)), respectively, and A; is a nonnegative weight. 

According to Equations 22 to 30, developing cities refer to all 
cities, that is, both developed and developing cities, whereas the set 
of developed cities does not include developing cities because of the 
irreversibleness of infrastructure development. 


TABLE 3 Definition of Energy Use Efficiency Models 
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®@ : Observed value 
®@ : Converted value 
(= 2u - observation) 


Improvement 
(calculated) 


Improvement 
(real) 


iceman on we Sn pis te 
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Inputs (fixed) 


Improvement of Energy Efficiency 


In this study, the scenario used to improve energy efficiency is set on 
the basis of the leading runner approach, in which each city sets a tar- 
get of becoming the most efficient city. In this case study, the PC 
energy efficiency score in Copenhagen is the smallest among the 
scores of all cities evaluated (2.1 MJ/passenger-km) in 1990, and the 
other 45 cities are trying to achieve that score. 


Emissions Trading Policy Among Cities 


The EE calculated in this study can be used to examine more efficient 
energy consumption policies by reflecting the heterogeneous attri- 
butes of cities. It is also able to establish a feasible energy reduction 
target for each city. The target could provide a standard of emissions 
trading policy between a pair of cities, as shown in Figure 6. 
Suppose that there are four cities, Cities A to D, that currently have 
different amounts of energy consumption (in megajoules) per capita 
and different EE scores. The total amount of energy surplus (equal to 


Private Car Energy Use Efficiency Model 


Public Transport Energy Use Efficiency Model 


Definition 


under the condition. 


Population density (person/hectare) 
Road length per capita (m/person) 
Private car ownership per capita (vehicle/person) 


Input variables 


Output variables 


The model aims at calculating the surplus of average travel 
distance by private car (PC). The efficiency score = 1.0 implies 
that the PC use has been saturated under the current condition 
of road infrastructure and land use in the city. When the 
score >1.0, there remains the potential of PC energy use 


Average travel distance by private car per capita (km/person) 


The model aims at measuring the margin of average travel distance 
by public transport (PT). The efficiency score = 1.0 implies that 
the PT use has been saturated under the current condition of 
railway network and population density in the city. When the 
score >1.0, there remains the potential of PT energy use under 
the condition. 


Population density (person/hectare) 
Public transport service length per capita (m/person) 


Average travel distance by public transport per capita (km/person) 
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Energy consumption after emissions trading 
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Energy Gap 


121 


City A must buy the total 
amount of allowances 
from cities B-D not to 

exceed the gap. 


EE index=1.0 


Cities B-D can sell their emissions to city A, 
since they have reduced emissions by more 
than was needed. 


Ni eaSsasen nse pean eeRasnaee eae 


Optimum energy consumption 


Potential energy consumption should be 
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FIGURE 6 Energy gap in emissions trading of allowance. 


the actual observed consumption — optimum consumption) from all 
cities is calculated by using energy efficiency scores, and then the 
total amount is evenly reallocated to all cities (light shades in Fig- 
ure 6). The total amount of optimum consumption plus the allocated 
consumption indicates an energy gap (i.e., a limit, in megajoules per 
person) for each city. 

For example, City A, whose current consumption exceeds the gap, 
must buy the allowance (equal to actual consumption — the gap) from 
Cities B to D. In contrast, Cities B to D, which have reduced their 
emissions by more than the needed amount, can sell their surplus to 
City A as a transfer of their allowances. On the basis of this approach, 
the energy reduction target and the energy allowance that may be 
traded are finally obtained for each city, as shown in Figure 6. 

In practice, the energy allowance that may be traded between cities 
is transferred to a monetary value and the equivalent amount of 
energy is considered the energy reduction of a buyer. In fact, how- 
ever, because the seemingly reduced level of energy consumption 
does not bring about an actual reduction in the annual average travel 
distance for each buyer as an input index to the EE model, the energy 
consumption structure will not change from before to after imple- 
mentation of the trading policy. Furthermore, although the seller will 
get the value by trading, there is still no actual change in energy con- 
sumption. Consequently, the frontier does not shift with or without a 
trading policy. 

In estimating the EE indices of buyers before and after implemen- 
tation of the policy, on the basis of the assumption that the frontier 
line is stable, the minimal energy consumption, c*, can be calculated 
by inputting the current data into Equation 8. In this sense, the opti- 
mum energy consumption after policy implementation could be 
equal to the optimum one calculated in previous section. The energy 


reduced by the emissions trading scheme can also be calculated by 
using Equation 31. 


EE, = = —s1_ (31) 


where c; indicates the amount of energy reduced by emissions trading 
and is assumed to have a constant value inherent to each city. 


COMPARISON OF POLICIES BASED ON 
MALMQUIST APPROACH 


To compare the effects of three policies, that is, modal shift, improve- 
ments in energy intensity, and intercity emissions trading, the 
Malmquist approach is applied to explain the changes in structure of 
two frontiers that are obtained before and after the implementation 
of policies. In the case of the emissions trading policy, however, the 
energy consumption structure is stable before and after policy imple- 
mentation, and the FS index could be 0, as mentioned in the previous 
section. 

Figure 7 shows the overall average scores for the CU index, the FS 
index, and the Malmquist index for each policy. The Malmquist 
index gives the greatest improvement in energy intensity. In partic- 
ular, because the improvement in the energy intensity is significant 
for the FS index, this policy is mainly implemented by technological 
innovation and is expected to lead to the recurrent development of 
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FIGURE 7 CU, FS, and Malmquist index scores for each policy (overall 


average). 


more advanced technologies. But the emissions trading policy per- 
forms better according to the CU index, so that policy will contribute 
to CU frontiers by using existing technologies. The modal shift shows 
lower scores for both the CU and the FS indices. 


CONCLUSIONS 


This study proposed the EE model, based on the DEA cost-efficiency 
model, to estimate EE scores by evaluating the performance of the 
energy consumption structures of cities. The EE model was applied 
to assess the energy efficiency of transport systems in 46 developed 
and developing cities. The heterogeneity of the transport energy con- 
sumption structures of the cities was incorporated by relaxing the 
convex assumption across different cluster groups. Consequently, 
heterogeneous cities with different characteristics in the same refer- 
ence sets are not distinguished. Moreover, cities are allowed to use 
cities in neighboring clusters as a reference, and thus, the potential 
improvement of efficiency in a city can be estimated. This could not 
be done without the proposed EE model. 

For empirical analysis, a panel analysis was conducted and showed 
that the gap of the quality of environmental technologies between 
frontier cities and other cities was a growing problem from 1960 to 
1990. To solve this problem, it is important for frontier cities to trans- 
fer their advanced technologies to other cities. To evaluate transport 
policies, modal shift and intensity improvements, as well as emis- 
sions trading schemes between cities, were addressed. The proposed 
approach can search for the optimum emissions allowances by consid- 
ering the current energy consumption structures in corresponding 
cities. The proposed approach could become a useful tool for the estab- 
lishment of more feasible and efficient targets in emissions trading 
schemes. 


The EE model should be further improved in future research. The 
efficiency scores obtained in this study may not always be accurate 
because of limitations to the data available and some strong assump- 
tions. For instance, the efficiency score is calculated on the basis of 
only two factors: the use of private and public transport modes. How- 
ever, efficiency could result not only from the use of PT use but also 
from other factors, such as land use and urban structure. Therefore, 
the proposed approach is applicable only at the macroscopic level. 
Furthermore, the cost variable was considered fixed in the EE 
model. However, the energy intensity of PT could change because 
of changes in transport distance. Such an assumption should be 
relaxed. In addition, in the policy analyses, the monetary cost of 
trading was not included because of a lack of data. Improvements 
to the energy consumption database in both developed and devel- 
oping countries are required. For research purposes, only limited 
policies were selected to confirm the performance of the EE model. 
Other ETS policies should also be urgently discussed to mitigate 
global warming. 
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Sustainable Transport in France 
Is a 75% Reduction in Carbon Dioxide Emissions Attainable? 


Hector G. Lopez-Ruiz and Yves Crozet 


Today numerous published works conclude that transport seems to be 
completely coupled to economic and export-import growth. Therefore, as 
a direct consequence of economic development, transport is one of the 
major final energy consumers and one of the most important sources of 
carbon dioxide (CO,) emissions. Consequently, continuous increases in 
emissions by the transport sector pose an environmental problem. This 
paper assesses possible solutions through scenario building in a backcast- 
ing manner by using the Transport Issues in the Long Term model. In 
particular, three scenarios that address how technology and various 
public policies can contribute to a sharp reduction in CO, emissions 
are evaluated. Furthermore, estimates of infrastructure investment 
needs as well as insight into how transport budgets (time and monetary) 
could evolve in each of the following three scenarios presented are 
proposed: the Pegasus scenario, in which strict technology standards 
are promoted; the Chronos scenario, in which green multimodalities are 
promoted; and the Hestia scenario, in which the decoupling of transport 
and growth in the gross domestic product is promoted. Each scenario 
allows the types of results that can be obtained through different pol- 
icy mixes to be quickly comprehended. In sum, a realistic technological 
hypothesis shows that a 50% reduction in emissions from the 2000 level 
is a clear possibility and that the remaining 25% needed to reach the total 
French target emissions reduction of 75% is possible through the use of 
different types of policy mixes. 


Today, numerous published works conclude that transport seems to be 
completely coupled to economic growth. Therefore, as a direct conse- 
quence of economic development, transport is one of the major final 
energy consumers and one of the most important sources of carbon 
dioxide emissions. Furthermore, in the absence of major technological 
change, this unsustainable situation will undoubtedly get worse in the 
future. Consequently, this situation of continuous increases in freight 
and passenger mobility poses an environmental problem in a world 
that is trying to attain sustainability. 

This preoccupation in part spawned the Kyoto Protocols, ratified 
by the European Union (EU) member countries, which came into 
effect on February 16, 2005, and which was a first vital step toward 
achieving further global emission reductions. 

In 2005, the Kyoto Protocol signees committed to an average 
reduction of 2.8% of greenhouse gas emissions by 2008 to 2012 
from the 1990 level. This goal would require concentrations of CO, 
well below 550 ppm CO, equivalents. 
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To have a reasonable chance of keeping concentrations well below 
550 ppm CO, equivalents, analyses for the EU Environment Coun- 
cil showed that global emissions should be limited to an increase of 
35% above the 1990 level by 2020 and then a decrease to 15% below 
the 1990 level by 2050. However, to reduce the risk of overshooting 
the target of a 2°C increase in the average global temperature, recent 
scientific insight has shown that it is possible that a 50% reduction in 
global emissions by 2050 will be necessary. 

This has pushed the EU Environment Council to adopt the conclu- 
sion that to achieve stabilization, developed countries should reduce 
their emissions by about 15% to 30% by 2020 and 60% to 80% by 
2050 below the base-year levels (1990). 

In this state of affairs and in view of the uncertainty concerning the 
ultimate goal, French authorities have fixed an objective of attaining 
a 75% reduction in CO, emissions from the 2000 level by 2050. This 
objective will serve as the basis for the scenarios presented here, 
which focus only on transport activities. In France, the transport sec- 
tor consumes 25% of the energy and is responsible for at least 30% 
of carbon dioxide emissions (80% of these emissions come from road 
transport). 

Even though the birth of new technologies in the transport sector 
has been seen and a growing social and entrepreneurial conscience 
has been witnessed, these environmentally friendly products and ser- 
vices have been implemented very slowly. As Schiifer et al. (7) and 
Sperling and Lutsey (2) clearly underline in their work, technological 
progress cannot be effective if it is not accompanied by deep changes 
in organization and behavior, especially if the aim is significant reduc- 
tions in CO, emissions, such as the 75% reduction target that French 
authorities have set. 

According to this line of reasoning, the reduction of CO, emis- 
sions implies not only the need for new technologies and their wide- 
spread use but also a matched increase in the supply and consumer 
demand for current technologies through the use of economic instru- 
ments as incentives. Thus, this reduction objective implies the need 
to set up a certain number of public policies ranging from inciting 
technological progress to tolls, the development of intermodalities 
and comodalities, and even rationing (tradable emissions permits). 

As a consequence, because the authors deemed it necessary to 
explore the different options available, three sustainable transport 
scenarios (for both freight and passengers) were developed with the 
Laboratoire d’ Economie des Transports (LET) ENERDATA group 
in 2008 (3). 

This paper has two aims: first, to present the main results for the 
French scenarios developed in 2008, which show that organizational 
policies can be mixed with technological advances and used to attain 
significant carbon reductions in the future, and second, to present 
new quantitative insight into each of the scenarios concerning pub- 
lic investment needs in infrastructure, the impacts on public policy, 
and the effects on transport monetary budgets (4). 
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The Transport Issues in the Long Term (TILT) model was used to 
build three representative scenarios that depict viable (although strong) 
options for public action that will sharply reduce CO, emissions. The 
same model was also used to quantify the effects of climate-oriented 
policies on the transport system and the economy. The inherent logic 
in building these techno-organizational scenarios is linked to the idea 
of growing constraints, ranging from promoting new motor technolo- 
gies to public policies aimed at decoupling transport activities and the 
gross domestic product (GDP). This underlying principle enables the 
presentation of three scenarios that allow the quick comprehension of 
what can be obtained through policy mixes. These scenarios are called 
Pegasus, Chronos, and Hestia, which are fully described here. 

These three scenarios will be analyzed to come up with an assess- 
ment pertaining to the impacts of four basic policy packages (that are 
then divided into 10 different public policies) inspired by the work 
done in the Visioning and Backcasting of United Kingdom Transport 
Policy project (5): 


Behavior-oriented policies, 
Market-oriented policies, 
Regulation-oriented policies, and 

Spatial and infrastructure planning policies. 


TILT MODEL 


In light of the environmental situation, it is now more than ever 
necessary to shed some light on the important role that transport 
activities play in greenhouse gas emissions. It is equally important to 
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develop environmental policies for reducing CO, emissions and to 
be able to model them correctly while assessing the effects of the dif- 
ferent technological, institutional, regulatory, and economic options 
available. The TILT model is a flexible tool that does just that. 
Furthermore, because sustainable development is a highly complex 
problem area (6, 7), which will probably call for major changes in 
industrialized societies and long-term strategic planning, the method 
chosen to undertake this analytical study was important. This is why, 
once the specific needs of the research project had been taken into 
consideration, a backcasting model for scenario building seemed to 
be the most appropriate way of proceeding. 

Backcasting scenario building typically aims at providing policy 
makers (and an interested general public) with images of the future 
as a background for opinion formation and decision making (8). 
Consequently, the results offer a new concrete and applied vision of 
the policies to be undertaken to attain an environmentally sustainable 
transport system. 

Moreover, in the field of future-oriented studies, the traditional 
forecasting approach is still dominant, but the use of scenarios has 
come into widespread use in the past few decades (9) because they 
allow a broader analysis compared with that achieved by use of a 
formal prognostic methodology. 

The basis of the TILT approach lies in the fact that it is based 
on a twofold structure composed of macro- and microeconomic 
parts (Figure 1). This structure serves as the core transport model 
that will provide input to three additional modules. These mod- 
ules are designed to give insight into total energy use, CO, emissions, 
public policy sensitivity, and economic impacts for any specified 
scenario. 


Microeconomic 
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Infrastructures 
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macro/micro structure 


FIGURE 1 ‘TILT model structure. 
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The core transport model is composed of macroeconomic determi- 
nation and microeconomic optimization. These need to be at equilib- 
rium to obtain a coherent modal split. Thus, scenario building by a 
backcasting methodology with the TILT model requires, first, the spec- 
ification of the desired future and, second, a back-and-forth movement 
in which there is an interaction between the macro- and the microeco- 
nomic modules to identify the possible different equilibriums that 
allow the attainment of the specified future. From these possible equi- 
libriums, the LET ENERDATA group chose three that best depict the 
range of solutions available. These three scenarios are 


e Pegasus scenario, promoting strict technology standards; 

e Chronos scenario, promoting green multimodalities; and 

e Hestia scenario, promoting the decoupling of transport activities 
and economic growth (GDP). 


Macroeconomic Determination of TILT Model 


The macroeconomic component of the TILT model (3) is based on 
the Very Long-Term Environment Energy Model (VLEEM), devel- 
oped in 2002 in the framework of a European project (/0). VLEEM 
is based on a refoundation of the energy—environment modeling 
structures to assess properly very long-term modifications of demo- 
graphics as well as social and cultural preferences in relation to 
transport needs. 

The macroeconomic component of the TILT model relies on a 
structure in which population growth (determined by exogenous birth 
and death rates) and the evolution of population education levels (user 
determined) influence productivity in the different defined age classes. 
These changes in productivity, joined with demographic evolution, 
determine GDP growth as well as consumption levels and time use 
(work, sleep, self-accomplishment, leisure, and transport). 

From the determination of the amount of time used in transport 
activities, the macroeconomic mobility determination is established 
through the use of average modal speeds that evolve on the basis of a 
speed-GDP elasticity [which, in the case of France, has proven to be 
fairly stable over time (3)]. This implies different modal split possi- 
bilities, given that the need for speed is sensitive to the affluence and 
freight value (7). Consequently, in the macroeconomic model, trans- 
port modal saturation rhythms can be varied through public policies 
affecting speed—GDP elasticities (Figure 1). 

To have a more precise view of the effects of public policies on 
each scenario, a microeconomic component was developed within the 
TILT framework (4). This component allows further analysis of the 
demand determinants behind each scenario’s modal split. 


Microeconomic Optimization of TILT Model 


The microeconomic component of the TILT model is based on a 
representative agent’s optimization of decisions based on the oppor- 
tunities inherent to household or firm locations (on an aggregated 
level), transport costs (divided into different categories referring to 
household and firm transport monetary budgets), and infrastructure 
availability (based on a lateness index) (J2). 

The microeconomic component is largely inspired by developments 
done on ant algorithms (4, 73) and relies on the idea of a representa- 
tive agent that optimizes his or her transport choices by taking into 
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account opportunity and cost for a certain level of service on the infra- 
structure. Thus, the results stemming from the macroeconomic deter- 
mination will influence the representative agent’s choices. In turn, 
these choices must be coherent with the overall transport structure to 
be validated and represented in the decision table, in which the value 
assigned to each choice [a;(#)] is calculated by using the following 
equation: 


iw Yl (OP ul vem (1) 


where 


t = time 
a and B = adjustment parameters, 
i and j = separate points, 


opportunity 
;= (2) 
cost 
and 
T, (t) = lateness index (3) 


The TILT model considers opportunities to be the sum of the con- 
sumption of goods and services over a certain period of time (14), 
and the lateness index is defined by the difference between the nor- 
mal transit time and the real transit time. The last indicator is useful 
in factoring in speed, distance, and time into the calculation and has 
the convenience of being comparable between modes. 

In this way, TILT has been designed to be a very long-term 
equilibrium model by combining a macroeconomic structure and 
a microeconomic structure in a backcasting approach. 


Insight Modules of TILT Model 


Three additional modules enable the model to take into account new 
motor technologies and to facilitate sensitivity and impact assessments 
in three geographical scales: urban, regional, and interregional. 

The three modules are 


e Vehicle fleet dynamic and technology evolution module, which 
analyzes technological impacts on the basis of market penetration 
probabilities and the survival rates of vehicles for different motor 
technologies and different transport services (road, rail, sea, air, inland 
waterways) (3); 

¢ Public policy module, which joins sensitivity analysis (for policy 
categories) and multicriteria analysis (for specific public policies) to 
offer a detailed assessment of the impacts of actions on CO, emissions 
(4); and 

¢ Impact assessment module (based on an input-output equilib- 
rium analysis), which details impacts on employment and production 
by economic sector (4). 


In short, the structure of the TILT model enables the user to calculate 
the energy consumption and pollutants emitted by transport activity 
(freight and passengers) on different geographical scales. 
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The TILT model has three important functions: 


¢ Modeling passenger kilometers and tonne kilometers coherent 
with a micro- and macroeconomic equilibrium structure, according 
to the motor technology used for journeys and the area of service; 

e Modeling the vehicle fleet according to age, motor technology, 
and year of production (for freight and passengers); and 

¢ Modeling and assessing public policy impacts on CO, emis- 
sions, infrastructure investment needs, as well as the overall impact 
on the economy. 


With the joining of these three functions and the different TILT mod- 
ules in a micro- and macroeconomic equilibrium structure, it is pos- 
sible to build scenarios based on different values for the exogenous 
variables (Table 1) (note that GDP is endogenous). These scenarios 
portray a desired future that is determined beforehand (backcasting) 
and enable 


¢ Quantification of the consequences of transport on the environ- 
ment while detailing the structure of the system according to behav- 
ior and organizational changes, the technology used, vehicle fleet 
dynamics, the nature of a journey, and vehicle age; 
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e Provision of a precise view of traffic by motor technology, gas 
consumption, and emissions levels for each type of transport accord- 
ing to service distances, the type of vehicle; and transport cost; and 

e Construction of policy pathways that have different impacts in 
each scenario configuration and on the economy. 


SCENARIOS FOR 2050 


To start analyzing policies and technological effects on the transport 
system, a business-as-usual reference scenario (Pegasus) was needed. 
Because TILT is not a forecasting model, the authors opted to use the 
same mobility levels as the central scenario presented in the 2006 
forecast of the Conseil Général des Ponts et Chaussées (CGPC) (/5). 
CGPC’s World Governance and Environmental Industry served as 
the reference base from which two other scenarios (Chronos and 
Hestia) were built to test different types of policies. 

On an economic level, all scenarios have roughly the same hy- 
potheses. The differences between each scenario are linked to the 
transport structure, in which speed—GDP elasticities, modal speeds, 
and transport times differ. The basic characteristics of each scenario 
are presented in Table 1. 


TABLE 1 Scenario Characteristics 
2050 (km/h) 
Characteristic 2000 (km/h) Pegasus Chronos Hestia 
Urban 
Freight: road urban 50 60 52 52 
Passengers 
Private car urban 23 30 25 25 
Public transport urban 20 24 20 22 
Regional 
Freight: road regional 50 60 52 32. 
Passengers 
Private car regional 58 67 58 55 
Public transport regional 58 68 57 54 
Interregional 
Freight 
Rail + plane national 40 63 45 45 
Rail + plane international — 70 70 70 
Passengers 
Private car interregional 110 115 90 90 
Public transport interregional 80 90 80 80 
High-speed rail interregional 250 250 250 250 
Plane 500 500 500 500 
Total 
Freight (nat, inter) 43 54, 52 43, 52 43, 52 
Passengers 45 50 37 37 
Elasticities 
Speed—GDP _— 0.33 0 0 
Tonne km-GDP _- 0.6 0.6 0.3 
Tonne km-international trade — 1.6 1.6 0.25 
Macroeconomics 
Population 64 67 67 67 
Average yearly GDP growth 1.5 1.5 1.5 
Children per household 2.19 2.15 2:55 215 
Productivity rate 100 225 225 225 
Transport time budget 1 1 1,2 1 


NOTE: nat, inter = national, international; — = not applicable. 
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The hypothesis made for the emissions calculations for each of 
the scenarios takes into account the current state of affairs in France. 
The most important points are that 


e Emission calculations are well to wheel; 

e Plug-in hybrid vehicles hit the market by 2010 and electric 
vehicles by 2020 (first at the urban and regional scales and then at 
the interregional scale); 

e Second-generation biofuels represent 35% of fuel sales by 2050, 
and their development does not interfere with cropland use for food; 

e All trains are supposed to be electric by 2050 and electricity pro- 
duction is supposed to be 100% from nuclear origin (compared with 
80% in 2007); and 

e Airplanes emit, on average, 35% less by 2050. 


Before the details of each scenario are presented, the main results 
(Figures 2 and 3 and Table 2) stemming from the calculations based 
on the hypotheses are presented. This will enable the reader to dis- 
cover the specifics of each scenario afterwards, being already aware 
of the main results. 


Main Results 


Figure 2 shows France’s baseline mobility level (year 2000), as well 
as the levels calculated for the three scenarios: Pegasus, Chronos, and 
Hestia. The mobility levels can be seen to practically double between 
2000 and 2050 for the first two scenarios (Pegasus and Chronos), 
whereas for the third scenario (Hestia), the mobility level grew at a 
slower rate. 

These mobility levels are associated with specific infrastructural 
needs and CO, emissions levels. The investment needed to meet the 
infrastructural needs are shown in Table 2 and are based on a per 
kilometer-of-construction cost of 5 million euros (in 2000 euros, when 
€1 was approximately equal to $1) for highways, 1 million euros for 
local streets, 12 million euros for railroad lines (mixed average for 
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high-speed and normal lines), and 30 million euros for public trans- 
port on dedicated lanes (mixed average for buses, subway, tramways, 
and intercity rail). Furthermore, investment needs are totaled in 
actual (2000) euros and were calculated by considering the average 
cost per kilometer of construction. The operating costs are not consid- 
ered (16, 17). For all three scenarios, it was assumed that the public 
transport infrastructure would experience an increase in overall pro- 
ductivity of 15% [which was used in the study of Faivre d’ Arcier (/8)] 
during the 50-year period. The values obtained for the infrastruc- 
tural investments needed for each scenario are comparable to those 
calculated by the Waelbroeck-Rocha/BIPE report about the financing 
of the French transportation system to 2030 (19) (Table 2). 

Figure 3 shows that the three scenarios provide different CO, emis- 
sions. The first scenario (Pegasus) presents a 48% reduction in emis- 
sions, whereas the other two scenarios (Chronos and Hestia) present 
reductions of at least 75%. 


Three Scenarios 


To understand better what these results imply, itis necessary to explain 
clearly what is at play in each of the options. Thus, the authors provide 
the reader with the specifics for each of the three scenarios. 


Pegasus Scenario: Promoting Strict 
Technology Standards 


Pegasus is a business-as-usual (BAU) scenario in which the speed— 
GDP elasticities of 0.33 for passengers and 0.6 for freight are main- 
tained for the period from 2000 to 2050 period and in which trans- 
port times are stable (1 h per person per day). The Pegasus scenario 
allows the appreciation of (a) transport traffic in a situation in which 
there is no major public policy affecting behavior or the system’s 
regular performance (continued infrastructure investments and opti- 
mization) and (b) the effects of new motorization technologies on 
total CO, emissions. 
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FIGURE 2 Freight and passenger mobility in 2050 (inter. = interregional; reg. = regional; HST = high-speed trains; PT = public transport; 
GPKm = giga—passenger kilometers; GTKm = gigatonne passenger kilometers). 
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FIGURE 3 Freight and passenger transport greenhouse gas emissions in 2050, all scenarios (Mt = megatons). 


In this manner, the Pegasus scenario permits evaluation of the 
contribution of strict and realistic technology standards that, accord- 
ing to the authors’ calculations, would lead to half of the reductions 
of the CO, emissions target. Moreover, if it is supposed that it is 
absolutely necessary to get to the desired reduction target (75% 
decrease in CO, emissions compared with those in the year 2000 
baseline) solely on the basis of new motor technologies, the Pegasus 
scenario shows that zero-emission vehicles (well to wheel) would be 
required to hit the market between 2020 and 2030. Furthermore, 
roughly 80% of the total vehicle fleet should have zero emissions 
(well to wheel) by 2050. This would require a paradigm shift in tech- 
nology that is seemingly unrealistic (nevertheless, it could happen, 
as rapid technology shifts have been observed). Furthermore, pru- 
dence dictates that one should not rely solely on new motor tech- 
nologies to reach the desired emissions reduction target. This pushes 
consideration of other scenarios. 


Chronos Scenario: Promoting Green Multimadality 


In the Chronos scenario, market-oriented policies constrain the use 
of fast high-carbon-footprint modes, leading to an increase in slower 


TABLE 2 Infrastructure Investment Needs (billions of euros) 


and cleaner transport modes (Figure 2). In the Chronos scenario, the 
75% reduction objective is nearly attained (Figure 3) through an 
action favoring greener modes by increasing transport costs accord- 
ing to speed and emissions (per mode). As a result, the macroeco- 
nomic model shows sharp changes in the mobility determination* 
that, in turn, has strong effects on behavior patterns. Thus, the fol- 
lowing are observed: (a) a trade-off between the system’s need for 
speed (coupled to growth) and (b) an increase in transport times to 
be able to take full advantage of all modes. 

In this situation, the Chronos scenario implies a speed—GDP elas- 
ticity equal to zero, which translates into an increase in transport 
times (roughly 1 h 20 min per person per day) because transport dis- 
tances are still assumed to be coupled to growth. Because Chronos 
is a scenario based on market-oriented public policies in an infra- 
structure-intensive situation (because transport distances and public 
transport traffic keep increasing), public action in this scenario sums 
to an increase in transport cost. 

In the Chronos scenario, the microeconomic optimization is car- 
ried out in a carbon-constrained economy, in which the limits of new 
motor technologies push toward a differentiated modal evolution to 
further reduce emissions. This implies that transport costs go up, 
whereas opportunities are constant. 


Pegasus Scenario Chronos Scenario Hestia Scenario Present Situation 

2050 Per % of 2050 Per % of 2050 Per % of Year % of 
Mode Pegasus Annum GDP Chronos Annum GDP Hestia Annum GDP 2007 GDP 
Road 1,043 21 0.7 384 8 0.3 140 3 0.1 12 0.9 
Rail TAT 15 0.5 1,529 31 1.1 992 20 0.7 2 0.2 
Public transportation 137 3 0.1 74 1 0.1 77 2 0.1 2 0.2 
Others 1 — 
Total 1,927 39 1.4 1,987 40 1.4 1,209 24 0.9 18 1.4 


NOTE: —=not applicable, values are in 2000 euros. 
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In this manner, the Chronos scenario allows appreciation of the fact 
that a mix of technology and strong policy can achieve the wished 
reduction target. Nevertheless, the Chronos scenario also shows that 
the limits of a continuous increase in transport distances are linked 
to financial constraints on the infrastructure investments required to 
ensure steady growth in transport distances. Although investments 
represent the same percentage of GDP as they do today, the viability 
(at least in matters of public acceptance) of large infrastructure invest- 
ments (Table 2) in a situation in which transport times and costs rise 
sharply can be questioned. 


Hestia Scenario: Promoting Decoupling 


The main issue in the Hestia scenario is the trade-off between ele- 
vated transport costs and transport distances. Indeed, transport costs 
(both in time and in money) are higher than those in the Chronos sce- 
nario, and this translates into economic agents choosing to modify 
their locations and concentrate on proximity strategies (Figure 2). 

In this manner, the Hestia scenario leads the way to the 75% 
(Figure 3) reduction objective through public policies that entail new 
trade-offs between location and transport distances. Thus, the Hestia 
scenario implies a speed—GDP elasticity equal to zero, but because 
transport distances increase less rapidly than they do in the Pegasus 
and Chronos scenarios, transport times are reestablished at about 1 h 
per person per day. Furthermore, this new equilibrium based on prox- 
imity also gives a better opportunity for low-range zero-emissions 
technologies to develop faster and better. 

Higher prices and a growing degree of saturation push toward a dif- 
ferentiated spatial and modal evolution spawning from public action 
acting on opportunity and cost. 


_ increased opportunity 


increased cost 


100% 1 
90% + 
80% 
70% + 


60% 


| 


50% 


40% 


30% 


20% 


10% 


0% 


Chronos 


Pegasus 


FIGURE 4 Public policy sensitivity assessment. 


Transportation Research Record 2163 


In this manner, the Hestia scenario allows appreciation of a situation 
in which mobility increases from the 2000 level but in which the infra- 
structure needs are not as overwhelming as they are in the other sce- 
narios. Furthermore, the Hestia scenario depicts a situation in which, 
although transport costs go up, opportunities keep on increasing and 
transport times are lowered. What is more, this scenario boasts reduced 
investments needs. In that sense, it could be supposed that this scenario 
might enjoy higher public acceptance. Nevertheless, high constraints 
on air travel might overturn its attractiveness. 


ASSESSING PUBLIC POLICIES 
AND THEIR EFFECTS 


As shown in the previous section, the three scenarios presented imply 
different public policy strategies. This entails big differences con- 
cerning choices not only in economic agents but also in the public 
investment needed for infrastructure and transport spending. To have 
a better idea of what this means, a sensitivity analysis was performed 
for all three scenarios and results were obtained at two levels: (a) the 
contribution of the different policy categories to emissions reductions 
and (b) the effects of the scenarios on transport monetary budgets (for 
firms and households). Thus, the sensitivity analysis of the three sce- 
narios is calculated on the basis of effective CO, emissions reduc- 
tions (i.e., those that are not due to new motor technologies, which 
account for 48% of the reductions). The results obtained are shown 
in Figure 4. 

For the effects of public policies on transport monetary budgets, the 
analysis is carried out by keeping transport demand determinants con- 
stant in time to see what effects new traffic and transport costs have 
on this structure. The authors are aware that this assumption for the 
determinants is quite unrealistic; nevertheless, it is used only to assess 
the effects of public policies. 

The Pegasus scenario is based on an inelastic market structure 
largely dependent on private vehicles. In this scenario, the modal 
split is explained by the fact that a rise in oil prices translates into 


17% Infrastructure and spatial 


planning oriented 


Regulation oriented 


gy Market oriented 


Behavior oriented 


67% G Infrastructure 
Spatial planning 
O Freight traffic management 


f Passenger traffic 
management 
@ Tech advances -non motor- 


@ Permits 

@ Pricing 

& Behavior patterns 
1 Info to public 


Hestia Telecom 


Lopez-Ruiz and Crozet 


behavioral changes that are determined by a sharp increase in private 
vehicle costs (Figure 5), accompanied by a comparatively more inter- 
esting offer from public transport. Even though private vehicle costs 
go up, transport under the Pegasus scenario is quite dependent on 
road transport and, thus, is dependent on road infrastructures. 

In the Pegasus scenario, the need for rail infrastructure is very 
important. First, the mild increase in the costs linked to personal vehi- 
cle use incites the use of public transport (of which rail is a big part) 
on an urban and regional scale. Second, long-distance travel in Pega- 
sus is largely based on low air fares and a growing high-speed train 
sector. Indeed, because Pegasus is based on a BAU evolution, estab- 
lished on the basis of growing distances with stable transport times, 
high speeds on interregional transport are a big part of the scenario’s 
equilibrium. 

As was already stated, the 75% reduction is not attained in the 
Pegasus scenario. The reductions in CO, emissions are obtained 
solely through the introduction of new hybrid motor technologies. 
In this manner, public policies appear to be merely accompanying 
policies in an ongoing trend of the system with no real impact on 
greenhouse gas emissions. This explains why the scenario is mostly 
linked to regulation-oriented policies as well as infrastructure and 
spatial development policies that accompany the BAU development 
(Figure 5). 

In the Chronos scenario, constraints on speed and emissions come 
into play as signals aimed at changing behavior patterns. As a conse- 
quence, an increase in road transport costs (Figure 5) that are consis- 
tent with the CO, values that are actually being proposed by public 
authorities is observed (a tax of 32 euros per ton of CO, is supposed 
to bring in over 8 billion euros in tax revenues by 2010; this tax is 
supposed to go up to 350 euros by 2050). 

This rise in road transport costs translates into a sharp increase in 
the use of rail and public transport for personal and freight mobility. 
This, in turn, implies that the average speed in the system goes down 
and transport times go up. This means that if it is supposed that the 
market structure and its inherent elasticities do not change over time, 
household and firm transport budgets will invariably go up in sharply 
(more or less depending on the elasticity of car use). 
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In the Chronos scenario, the monetary budgets for road transport 
go up so much that they are over 15% of total household and firm 
budgets (which are known to be fairly stable over time) (//). There- 
fore, for the Chronos scenario to be viable, a sharp increase in pub- 
lic transport and rail subsidies (as a return of tax revenues into the 
system, which would ease monetary budgets) should be accepted; it 
should be accepted that transport monetary budgets will go over the 
15% mark, which supposes that demand determinants and the mar- 
ket structure (especially those concerning personal vehicle elasticity) 
would strongly change. 

The adaptation of the system in the Chronos scenario should be 
accompanied by large investments in rail infrastructures, which will 
offer more than 30% of total trips. This entails the need not only for 
large investments but also for large subsidies for public transport. 

Hestia is a scenario that is strongly influenced by proximity ser- 
vices, and the public policies in play are largely related to spatial 
planning and investment in the infrastructure. This is also explained 
by the fact that in the Hestia scenario, market-oriented policies are 
in place. 

In the logic of the Hestia scenario, the main trade-off at play is 
directly linked to location strategies and production organization 
aimed at decoupling transport distances. This entails the densification 
of main cities and production sites, which would in turn translate into 
asharp increase in the use of urban and regional road networks. In this 
manner, the road investments needed are less important than they are 
in the other scenarios, but they are totally concentrated on urban and 
regional infrastructures. 

Even though road transport is important on the urban and regional 
levels, investments in public transport represent over 30% of total 
investments in mobility, especially on an interregional scale. This 
automatically translates into great needs for investments in the rail 
infrastructure. 

Unlike the Chronos scenario, the characteristics of the Hestia 
scenario point toward a more stable monetary budget (about 15%), 
although current mobility determinants would imply a large increase 
in road transport costs, followed by a sharp decrease in rail and public 
transport costs. 
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In this manner, the fact that the public policies at play in the Hes- 
tia scenario aim at reducing CO, emissions through the decoupling 
of transport distances translates into investment needs that are much 
less than those of the Pegasus and Chronos scenarios. 

Last, although specific results for the economic impact of each sce- 
nario were not presented, the analysis of the economic impacts that was 
carried out shows that none of the scenarios would have a negative 
impact on the economy if—and only if—the tax revenues stemming 
from carbon taxing are correctly reinvested in transport services (infra- 
structure, regional transport aid, etc.). This concurs with the opinions 
of the recent CO, tax work group formed by French public authorities 
that a positive impact on the economy could even be expected if the 
funds coming from tax revenues are correctly allocated. 


CONCLUSIONS 


On the basis of the three LET ENERDATA scenarios that depict 
three different ways of attaining planned CO, reductions, this paper 
has presented new insight concerning the public policies, investment 
needs, and microeconomic trade-offs linked to the development of 
sustainable transport. What is more, this analysis was carried out by 
use of a methodology and a model that use widely available national 
statistics and that are applicable to other countries. 

In sum, realistic technological hypotheses show that a 50% reduc- 
tion in emissions is aclear possibility and that going further—solely 
on the basis of new technologies—would require huge advances in 
zero-emissions vehicles. 

Nevertheless, in the absence of these new technologies, the remain- 
ing reductions in emissions are possible through different types of 
policy mixes, which come down to the following: 


e Encourage important modal shifts that would translate into 
a decrease in the total average speed, which would in turn make 
transport times increase, and 

¢ Encourage modal shifts accompanied by a decoupling of trans- 
port distances; consequently, this would help to maintain stable 
transport times. 


This implies the need for public action based on the optimization of 
cost and opportunities (subject to carbon constraints) aimed at the 
differentiation of the modal and spatial evolution on the basis of the 
carbon footprint. 

No real way of implementing these policies was proposed because 
the focus of this paper was not to offer a ready-made policy mix. 
However, the authors offered a complete review of current studies 
concerning organizational solutions that could lead to a reduction in 
oil consumption and emissions through important changes in the 
transport structure and behavioral patterns. 

Although it is safe to say that organizational changes will certainly 
be a part of the future of transport, the real challenge for a sustainable 
future will be linked to the analytical basis and decision-making tools 
used to plan the policies needed to achieve a sustainable environment. 

In this manner, a shift from truth-seeking methodologies referring 
to the maximization of opportunities on the basis of quantity and vari- 
ety toward path-seeking methodologies referring to a differentiation of 
choices on the basis of optimizing cost and opportunities is necessary. 

Moreover, the efficiency of environmental policies in transport 
will lie in the ability of international decision makers and planners 
to convince almost every country in the world of the necessity for 
action in tackling CO, emissions while not forgetting the equity 
issues between countries and populations. 
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Impact of Transport Infrastructure 


on Firm Formation 


Evidence from Portuguese Municipalities 


Patricia C. Melo, Daniel J. Graham, and Robert B. Noland 


This paper investigates the relationship between the availability of 
transport infrastructure and new plant openings in Portugal. The paper 
estimates an econometric model that uses plant-level data and geographic 
information systems to test whether denser motorway and railway 
networks have a positive effect on the formation of firms in Portuguese 
municipalities for various sectors of the economy. In addition to a study 
of the role of the own-municipality transport infrastructure, tests for the 
presence of spatial spillovers from the transport infrastructure were also 
conducted. The results suggest that both the railway and the motorway 
networks act as determinants of new plant openings. Expanding the local 
municipality railway and motorway networks by 10% can produce an 
increase in new plant openings from 0.9% to 2.7% and 0.7% to 2.6%, 
respectively. Positive spatial spillover effects from the transport infra- 
structure were also found: improving the motorway and railway networks 
of neighboring municipalities by 10% increases plant openings by from 
2.7% to 5.1% and 2.4% to 6.7%, respectively. 


This paper examines the role of the transport infrastructure as a deter- 
minant in the location of new plant openings in Portugal. New estab- 
lishments play an important role in regional economic growth through 
job creation. Understanding the factors that influence plant birth pro- 
vides useful information that can be used in policy making to foster 
economic growth. If transport infrastructure improvements are able 
to influence plant formation, transport policy can potentially act as 
a tool to promote regional economic growth. The impacts can spread 
beyond the administrative boundaries of municipalities and can give 
rise to spatial externalities. Additionally, the impacts of transport infra- 
structure may vary across economic sectors because of differences in 
their sensitivities to the availability of the transport infrastructure. 
The key objective of the study described in this paper is to test 
whether municipalities with denser railway and motorway networks 
experience more plant openings. It attempts to add to previous evi- 
dence by exploring four main areas. First, it considers the effects from 
the availability of both motorways and railways, whereas previous 
studies focused only on motorways. Second, a high level of spatial 
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and sectoral detail is included, making use of plant-level data at the 
two-digit level of the Standard Industrial Classification (SIC) and 
geographic information system (GIS) data. Third, the presence of 
spatial spillovers from the transport infrastructure is also included. 
Finally, although previous evidence was mainly for manufacturing, 
the present analyses cover a comprehensive set of industry sectors. 


TRANSPORT INFRASTRUCTURE AND 
PLANT FORMATION: THEORY AND EVIDENCE 


The theoretical basis for spatial studies of new plant openings draws 
largely on the arguments put forward by location theories and the 
new economic geography (NEG). The main theoretical concepts 
that are used to construct an empirical model of new plant birth 
are reviewed. 

Location theories explain industry birth, death, and relocation 
with respect to some set of characteristics that vary spatially. The 
two main underlying assumptions are (a) that firms seek to mini- 
mize production and transportation costs and (b) that firms seek to 
maximize revenues. Although the first assumption is concerned with 
the supply side of the production process, the second emphasizes the 
size of the market area accessible to firms (/—4). 

von Thunen (5) and Weber (6) first analyzed the spatial organi- 
zation of economic activities arising from the minimization of pro- 
duction and transportation costs. In von Thunen’s model, a trade-off 
exists between land rents and transport costs, represented by a neg- 
ative land rent gradient in which land prices diminish with increasing 
distance from the center to compensate for the larger transport costs 
(5). Weber’s model emphasizes the impact of transportation costs on 
the assemblage of inputs and the delivery of outputs (6). The optimal 
location results from the comparison of the total transport costs, 
weighted by inputs and outputs, across locations. If input factors are 
assumed to be homogeneous across regions, the location problem is 
determined only by transportation costs (/, 2). The Weber—Moses 
model expands Weber’s model by allowing factor substitution. Assum- 
ing equal access to output markets, the optimal location depends only 
on the characteristics of input factors and their relative price ratios. 
Although in the Weber—Moses model a fall in transportation costs 
in one location leads to a relocation of firms toward that location, 
in Weber’s model, the opposite movement occurs because of the 
assumption of no factor substitution (3). 

Geographical proximity also generates external benefits, known 
as agglomeration economies. These benefits can arise from intra- and 
interindustry clustering of economic activities, referred to as local- 
ization and urbanization economies, respectively. Whereas the former 
translate the productivity gains of an industry operating as a cluster, 
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the latter describe the advantages of locating close to large urban 
centers characterized by good access to input and output markets 
and public facilities. The availability of public infrastructure, such 
as transport networks, communications facilities, and other public 
facilities, is one source of urbanization economies and can influence 
the production costs incurred by firms (7). 

NEG also emphasizes the role of transport costs as a location 
factor within the context of imperfect competition and different 
degrees of interregional labor mobility. NEG models postulate a 
trade-off between agglomeration and dispersion forces. Dispersion 
forces arise from labor immobility, whereas concentration follows 
standard agglomeration externalities related to the market size 
effects of input-output linkages. Improvements in transport infra- 
structure change transportation costs and, consequently, the balance 
between agglomeration and dispersion forces and the resulting spatial 
distribution of economic activities (8). 

Both the location theories and NEG propose that transport costs 
affect the relative attractiveness of a location to firms and can provide 
a theoretical background from which plant births may be examined. 
These theories suggest that location characteristics can affect firms’ 
profits either through the cost or through the revenue side of produc- 
tion and can thus be used as factors that determine the number of new 
local plant openings. Previous empirical studies of new firm births 
have included factors for the size of the local demand, the cost and 
the quality of the local labor force, and the presence of agglomeration 
economies (9-20). Only a few studies, however, have accounted for 
the effects from the transport infrastructure on the number of new 
plant openings (2/—25). Table 1 summarizes the results obtained from 
studies that test for the effect of transport infrastructure on the opening 
of new establishments. 

The availability of data for the transport network is usually one of 
the key constraints in obtaining a panel data set to study the effect 
of transport on new plant openings. As a result, studies either use 
acrude measure of transport or have better measures of transport for 
fewer time periods. Some studies use rather general measures for 
transport, such as dummy variables to account for the presence of 
highways (21, 22) or the amount of per capita public investment 
in the public infrastructure (26). More recent studies use distance 
to the motorway network to measure the availability of the trans- 
port infrastructure (23-25). Both Smith and Florida (2/) and 
Coughlin and Segev (22) estimate that the presence of an Inter- 
state highway is positively associated with the number of new 
firms in U.S. counties. Fotopoulos and Spence find that public 
spending in infrastructure provision has a significant positive 
impact on new plant openings in Greece (26). Holl found that 
improvements in the distance to the nearest motorway have an impor- 
tant role in the formation of new establishments in Portuguese and 
Spanish municipalities (23-25). Plant openings are higher in munic- 
ipalities that have access to a motorway within 10 km and fall with 
increasing distance. One limitation of the studies is that they con- 
sider only the road network; no evidence on the effects from the 
presence of a railway exists. 

The estimates for the effect from transport infrastructure tend to 
be significant and positive and typically refer to manufacturing or 
the whole economy. When the analyses are carried out for more 
disaggregated industries, the results are mixed. Holl finds that new 
manufacturing plants in the chemical products sector appear not to 
have a preference for locations closer to the motorway network (23). 
Similarly, Holl finds that new establishments in some manufacturing 
sectors (primary metals, nonmetallic minerals, electrical equipment, 
etc.) and service sectors (property services) do not have a preference 
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for locations closer to the motorway network (24). Apart from Holl’s 
analysis of the effects of proximity to the motorway network, pre- 
vious evidence has nothing to say about the presence of spatial 
spillovers from transport networks (Table 1). 


MODELING PLANT BIRTHS 


This section describes the set of location determinants included in 
the econometric model of new plant openings and discusses some 
of the key estimation issues. The study of new plant openings pre- 
sents advantages over the examination of the stock of only exist- 
ing establishments, because the location determinants of existing 
firms are based on past location factors that might not be the same 
as those for new entrants. Establishment deaths and relocations 
can also provide useful information on the relative importance of 
location determinants. Data on the number of firm deaths and relo- 
cations are not available, and thus, the focus here is on the number 
of new plants. 

In testing for the effect of transport infrastructure, other location 
determinants identified by previous evidence as being important to 
new plant formation need to be controlled for. These typically include 
variables related to market size, the cost and quality of the local 
labor force, and the presence of agglomeration economies. Some 
interdependencies between these factors exist. The transport infra- 
structure can influence economic output as a direct unpaid factor of 
production and a determinant of the quality of the environment in 
which firms operate, affecting the productivity of private inputs. 
Transport networks can enhance agglomeration benefits by improving 
communication and knowledge spillovers, reducing labor market 
matching costs, and increasing accessibility to intermediate inputs 
and output markets. 


Data 


Data for the number of new plants across Portuguese municipal- 
ities in 1995 and 2003 are used. These are available in the Quadros 
de Pessoal, a yearly survey conducted by the Portuguese Ministry 
of Labor and Social Solidarity for all companies in the country. 
The data are disaggregated according to the two-digit SIC (27) 
and Portuguese municipalities as in the Code of the Administrative 
Division (28). 

Figure 1 shows the spatial distributions of existing and new estab- 
lishments in 1995 and 2003: there were 212,191 and 338,739 estab- 
lishments in 1995 and 2003, respectively, and 30,751 and 45,716 new 
establishments in 1995 and 2003, respectively. An uneven distribution 
of plants across space during both periods is seen and is characterized 
by higher numbers of firms in the municipalities along the west coast, 
especially in the metropolitan areas of Lisbon and Porto, Portugal, the 
two main cities (Figure 1). 

Table 2 shows the distribution of existing establishments, new 
establishments, and employment for the three main economic sectors. 
Service industries constitute the main economic sector, having a higher 
and growing share of establishments and employment. The distribu- 
tion of establishments across industries is more concentrated than 
the distribution of employment in both periods: in 1995 and 2003, 77% 
and 82% of establishments are in the services sector, respectively, 
whereas the shares of employment are 57% and 69%, respectively. 
Service industries have a smaller average firm size than manufacturing 
industries (Table 2). 
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FIGURE 1 Distribution (quintiles) of establishments by municipality: (a) existing 
in 1995, (b) new in 2009, (c) existing in 1995, and (d) new in 2009 (scale = 


1:4,000,000). 


Figure 2 shows the evolution of the Portuguese railway and motor- 
way network between 1995 and 2003. Data for the Portuguese railway 
network are provided by the railway regulator. A measure of the 
density of the rail network in a given municipality, expressed as 
kilometers of railway per square kilometer of land, is calculated by 
dividing the total length of the railway network by the total area of 
the municipality. The Portuguese railway network experienced only 
minor physical modifications during the period under analysis. The 
main changes consisted of two extensions, both in the Lisbon region: 


(a) an extension of about 4 km linking the north suburbs to Lisbon 
in 1998 and (b) a new railway connection of about 23 km across the 
Tagus River linking the north and south banks of Lisbon in 2003. 
The data for the Portuguese motorway network are from the 
Portuguese National Highway Institute and consist of a GIS map of 
the network available in 1995. The 2003 motorway network is derived 
from data on motorway construction and extensions. Similar to the rail 
network, a measure of motorway density, expressed as kilometers 
of road network per square kilometer, is constructed by dividing the 


Melo, Graham, and Noland 


TABLE 2 Distribution of Establishments and New Establishments by Sector of Economic Activity 


1995 
Sector Establishments Share (%) Employment 
All 
Primary 8,330 3.93 47,060 
Manufacturing 39,844 18.78 752,270 
Services 164,017 77.30 1,074,535 
Total 212,191 100.00 1,873,865 
New 
Primary 1,222 3.97 4,338 
Manufacturing 4,169 13.56 33,902 
Services 25,360 82.47 114,931 
Total 30,751 100.00 153,171 


total length of the motorway network by the area of the municipality. 
In contrast to the rail network, the Portuguese motorway network has 
been greatly extended: a large increase in the spatial coverage of the 
motorway network occurred, with extensions going beyond the main 
Porto-Lisbon corridor to the south and hinterland of Portugal. In 1985, 
the motorway network was about 235 km, whereas in 2005 it exceeded 
2,300 km, reflecting an annual growth rate of about 12% (Figure 2). 
To represent some of the key factors affecting production, mea- 
sures of the average wage and the share of unskilled workers in the 
municipality are included to capture differences in labor force cost 
and skills. Average establishment size is also included as a determinant 
of firm formation. Differences in the cost of labor are included through 
inclusion of the average monthly base wage for municipality i, as given 
in the Quadros de Pessoal. The quality of the labor force is another 
major factor influencing a firm’s productivity. Different measures 
of human capital have been used in the empirical literature, depending 
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(b) 
FIGURE 2 Networks: (a) railway in 1995, (6) railway in 2003, (c) motorway in 1995, and (d) motorway in 2003 (scale = 1:4,000,000). 


Share (%) 


2.51 
40.15 
57.34 

100.00 


2.83 
22.13 
75.03 

100.00 


2003 


Establishments 


12,215 
49,089 
277,435 
338,739 


1,575 
4,280 
39,861 
45,716 


Share (%) 


3.61 
14.49 
81.90 

100.00 


3.45 
9.36 
87.19 
100.00 


Employment 


56,724 
698,048 
1,662,298 
2,417,070 


5,649 
29,661 
175,072 
210,382 
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Share (%) 


2.35 
28.88 
68.77 

100.00 


2.69 
14.10 
83.22 

100.00 


on the data available. Some studies use data on the educational level 
of the population (27), whereas others use the occupational classifi- 
cation of workers (23, 24). Because no data on the educational level 
of workers at the plant level are available, the occupational levels of 
workers based on data from the Quadros de Pessoal are used. The 
standard occupational classification discriminates between broad 
groups of occupational levels, and it is not possible to associate each 
occupational level with a precise level of educational attainment. To 
minimize potential ambiguous definitions, the share of unskilled 
workers is used, as it would represent the proportion of individuals 
with lower levels of educational attainment. To assess the linkage 
between establishment size and new establishment location, the aver- 
age number of workers per plant is calculated for each municipality. 
The business structure of the Portuguese economy by size is domi- 
nated by small businesses: 81% of all establishments in 1995 and 
84% of all establishments in 2003 had less than 10 workers. 
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TABLE 3 Description of Explanatory Variables and Data Sources 
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Variable Designation Description Source 
Land area AREA Area of municipality i (square kilometers) National Statistics Bureau (INE) 
Market potential MP Distance discounted sum of the populations of Lisbon, Porto and INE, GIS own computation 
the capital of the Distrito to which the municipality belongs 
Localization economies SPEC Index of relative specialization of municipality i in industry Ministry for Labor and Social Solidarity 
group j (MTSS) 
Urbanization economies POPDENS Population density of municipality i INE 
Labor force quality UNSKILL Share of unskilled workers in municipality i MTSS 
Labor cost AWAGE Average monthly wage in municipality i MTSS 
Plant size ASIZE Average number of employees per establishment in municipality i MTSS 
Railway RAIL Density of rail network within municipality i (km per square km) Rail regulator, GIS own computation 
Motorway MTW Density of the motorway network within municipality (km per Portuguese National Highway Institute 


square km) 


(IEP), GIS own computation 


To capture the presence of localization economies in a given 
municipality, an index of relative specialization (spec; is calculated. 
This is based on the location quotient that measures the relative 
concentration of industry j in a given municipality i (29). 


() 


where 


Sj = Share of industry j in the total employment of munici- 
pality i, 
s; = share of industry j in the national employment, 
emp, = employment in industry j and municipality i, 
emp; = employment in municipality i, 
emp; = national employment in industry j, and 
emp = total national employment. 


A location quotient greater than 1 is indicative of a spatial concen- 
tration of industry j in municipality i. To account for agglomeration 


TABLE 4 Estimates from Negative Binomial Models 


economies, population density is used. Finally, a measure of market 
potential is used to capture the effect of proximity to the main mar- 
ket centers. This measure consists of the distance-discounted sum of 
populations of central markets k, where k is Lisbon, Porto, and the 
capital of the district to which the municipality belongs. Finally, to 
account for the fact that larger geographic areas can receive more new 
establishments, the land area of the municipalities is included in the 
estimated models. Table 3 summarizes the explanatory variables used 
and the source of the data. 


Model and Estimation 


The distributional properties of the response variable, in particu- 
lar, its nonnegative and discrete dimensions, require the use of 
count data regression methods. The standard approach to modeling 
count data is to use a Poisson regression model (PRM). However, 
the major limitation of PRM is the imposition of equidispersion 
between the conditional mean and variance of the response vari- 
able. In reality, this equality is unlikely to hold and the variance 
exceeds the mean, in which case overdispersion occurs. Among 
the various reasons for overdispersion are the presence of un- 


Primary Electricity, Gas, Wholesale and 
Elasticity Industries Manufacturing and Water Construction Retail Trade 
Density of railway 0.041 0.203*** 0.307** 0.114*** 0.193 *** 
Density of motorway 0.066 0.030 0.124 0.022 0.045 
Market potential 0.135*** 0.241*#* 0.091 O.277*** 0.207*** 
Population density 0.068* 0.267*#** 0.112** 0.187*** 0.279*** 
Industrial specialization —0.012 0.307*** 0.100 0.022 0.296*** 
Wage —0.295* —0.631*** 0.714 0.385 0.032 
Share of unqualified workers 0.507*** —0.076*** 0.023 —0.711*** 0.045 
Average plant size 0.100** 0.007 O.1S Tee 0.064 O.289%** 
Observations 1,369 5,613 483 549 1,628 
LR test of alpha = 0" 1,797.7 *** 13,000.00*** 1.91* 4,002.59 *** 25,000.00*** 
McFadden’s pseudo-R”” 0.04 0.09 0.18 0.14 0.13 
Cox & Snell pseudo-R” 0.12 0.24 0.17 0.66 0.61 
Cragg-Uhler (Nagelkerke) pseudo-R”” 0.13 0.25 0.27 0.66 0.61 


“Indicates the outcome from the likelihood-ratio chi-square test of alpha = 0 given by G = 2*[LLygr — LL pp], where LL is the log likelihood for the 
negative binomial (NBRM) and Poisson (PRM) models and the null hypothesis is Hp:alpha = 0. The confidence level is 95%. The larger the test 


statistic the more the evidence favors overdispersion of the response count variable. 


The pseudo R? measures of the goodness of fit are based on the value of the log likelihood of the full model and intercept model and represent the 
improvement in explanatory power of the full model over the intercept model. 


***Significant at .01, **significant at .05, *significant at .1. 
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observed heterogeneity, omitted variables, and heteroskedasticity 
in the response variable (30, p. 31; 31, p. 228; 32, p. 675; 33, 
p. 165). In such cases, the estimates of the Poisson estimator will 
be unbiased but inefficient, with standard errors being biased 
downward (31, p. 243; 34). 

The most common alternative to PRM is the negative-binomial 
regression model (NBRM). NBRM allows overdispersion by adding 
an individual unobserved effect to capture unobserved cross-sectional 
heterogeneity (3/, 33). 


EY, IX, | = bia = exp(BX, P €,) 


where ELY;, \Xil denotes the conditional expectation of the dependent 
variable Y;,, given the explanatory variables in X;,, and is composed 
of two elements: u,, which is equal to exp(bX;,), is a deterministic 
function of the explanatory variables, with b denoting the coefficients 
associated with each explanatory variable in X;,; and v;, which is equal 
to exp(é;,), adds some random variation in the model because of indi- 
vidual unobserved heterogeneity. The most commonly used version 
of the negative binomial is known as NB2 (34). NB2 has condi- 
tional mean jy, and defines the variance as a quadratic function of the 
mean and a scalar a, which measures the variance of heterogeneity: 
Hi (1 + Op;,). See the work of Cameron and Trivedi (32, pp. 675-676) 
for more details. If the parameter a equals zero, NBRM reduces to 
PRM (3/, p. 246). 

New firm openings are likely to be strongly correlated over time, 
at least for relatively short time intervals. The lack of annual data 
means that serial autocorrelation between new firm births cannot 
be tested. However, because the data are separated by 8 years, the 
assumption of independent firm births, conditional on the covariates 
included, is reasonable. 

The models estimated can suffer from endogeneity bias from 
reverse causality. The rationale for reverse causality is that the avail- 
ability of transport infrastructure affects the location of new plants, 
but alternatively, an increasing number of new establishments will 
eventually require further transport infrastructure, leading to increased 
investment in the density of the transport network. The consequence 
of reverse causality is that the parameter estimates for the variables 
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capturing the effects from transport infrastructure will be inconsistent 
and biased. 

Although it is not possible to strictly rule out endogeneity, the use 
of disaggregated spatial data, in this case, municipal-level data, can 
reduce endogeneity problems because transport investment decisions 
are generally determined at higher levels of government (23). The 
decision making concerning transport infrastructure investment is 
fundamentally centralized in Portugal. Another piece of evidence 
indicative of an exogenous investment in transport infrastructure is 
revealed by the extent to which European integration stimulated the 
expansion of the transport infrastructure in Portugal. Data from the 
Portuguese Ministry of Public Works, Transport, and Communications 
indicate that the percentage of European funding in railway and road 
infrastructure was about 29% and 31%, respectively, in 1995 and 27% 
and 38%, respectively, in 2003. The proportion of annual European 
funding is generally higher than 30% since Portugal joined the 
European Union. One can argue that this is an exogenous funding 
source that was focused more on creating a European network than 
being based on encouraging development in any single municipality. 


RESULTS AND DISCUSSION OF RESULTS 


Models that used both the pooled PRM and the pooled NBRM 
estimators for 11 industry groups are estimated. The counts of new 
plant openings in each municipality are normalized by their respective 
land area so that the dependent variable is interpreted as the number 
of new establishments per unit of land (square kilometer). The model 
also includes a year dummy variable to control for time-specific 
heterogeneity. The highest correlation coefficients are obtained for 
the relationship between population density and the motorway 
network (0.81) and between the spatial lags of the motorway and 
railway networks (0.79). 

Table 4 reports the results for the regressions that consider the 
effects of the own-municipality transport infrastructure on establish- 
ment births. Table 5 reports the results from a model that allows 
spatial spillovers from the transport infrastructure. The likelihood-ratio 
(LR) test of no overdispersion indicates that NBRM is preferred to 
PRM. The tables also report pseudo-R? measures of the goodness of 
fit of the models, which show the level of improvement of the full 
model over the intercept model (31, 33-35). 


Hotels and Transport, Storage, Finance Real Estate, Renting, Health and Social 
Restaurants and Communications Intermediation and Business Education Work 
0.172*** 0.240*** 0.212*** 0.181*** 0.127* 0,195*** 
0.078** 0.247*** 0.100** 0.081* 0.099 0.061 
0.224**# 0.324*** 0.128*** 0.152*** 0.185* 0.111** 
0.210*** 0.105** 0.214*** 0.260*** 0.291 *** 0.188*** 
0.086 0.309*#* —0.220*** —0.011*** —0.109 —0.398*** 
2.270*** —1.680*** 1.464*** 0.481 *** 0.223 359244 
—0.380*** -0.031 0.000 0.180 0.036 —0.145** 
0.078 0.080*** 0.037*** 0.153*** 0.239** —0.132** 
548 1,406 1,093 1,407 504 541 
4,713.44*** 2,565.20*** 982.95*** 8,192.92*** 293.71*** 816.42*** 
0.17 0.15 0.17 0.14 0.18 0.21 
0.73 0.34 0.47 0.49 0.41 0.63 
0.73 0.36 0.49 0.49 0.43 0.64 
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TABLE 5 Estimates from Negative Binomial Models with Spatial Spillovers from Transport Infrastructure 


Primary Electricity, Gas, Wholesale and 
Elasticity Industries Manufacturing and Water Construction Retail Trade 
Density of railway 0.017 0.136*** 0.275** 0.093 *** O.177*** 
Density of motorway 0.050 0.039 0.106 0.018 0.021 
Spatial lag density of railway 0.273* 0.489%#* 0.269 0.303*** 0.674 
Spatial lag density of motorway 0.089 0.413*** —0.069 0.371 0%" 0.314*** 
Market potential 0.061 0.064** 0.106 0.050 -0.017 
Population density 0.055 0.174 #** O.112** 0.127*** 0.183*** 
Industrial specialization —0.003 0.289*** 0.107 0.152* 0.534*#** 
Wage —0.339* —0.866*** 0.718 —0.037 —0.468*#* 
Share of unqualified workers 0.521*** —0.063*** 0.024 —0.539*** 0.047 
Average plant size 0.091** —0.016 0.145*#* 0.034 0.214*** 
Observations 1,369 5,613 483 549 1,628 
LR test of alpha = 0° 1,724.13*** 11,000.00*** 1.95* 2,404.56*** 15,000.00*** 
McFadden’s pseudo-R”” 0.04 0.11 0.19 0.17 0.15 
Cox & Snell pseudo-R” 0.13 0.28 0.17 0.71 0.67 
Cragg-Uhler (Nagelkerke) pseudo-R”” 0.14 0.29 0.27 0.71 0.67 


“Indicates the outcome from the likelihood-ratio chi-square test of alpha = 0 given by G = 2*[LLypp — LLpa], where LL is the log likelihood for 
the negative binomial (NBRM) and Poisson (PRM) models and the null hypothesis is Ho:alpha = 0. The confidence level is 95%. The larger the 
test statistic the more the evidence favors overdispersion of the response count variable. 

’The pseudo R? measures of the goodness-of-fit are based on the value of the log likelihood of the full model and intercept model, and represents 
the improvement in explanatory power of the full model over the intercept model. 


***Significant at .01, **significant at .05, “significant at .1. 


Spatial spillovers are evaluated through the inclusion of spatial 
lags of the transport variables in the regression models. The authors 
investigated whether spatial spillovers from the transport infrastruc- 
ture occur at the district level because districts are a good approxi- 
mation for the area of influence of both labor market interactions and 
input-output linkages between firms. Because proximity to poten- 
tial workers and proximity to both intermediate input suppliers and 
customers affect firms’ profits, they should influence the location 
decisions of new businesses. For this reason, a significant effect of 
the district-level transport infrastructure on new plant openings at 
the municipality level is expected. 

Use of a spatial weighting scheme on the basis of belonging to a 
district, however, imposes some undesirable assumptions. If a given 
municipality is at the border of a district, this weighting scheme will be 
problematic because it assumes that there can be no spatial spillovers 
between that municipality and its neighbors. In addition, such a weight- 
ing scheme also results in very different numbers of neighbors for each 
municipality because districts differ in the number of municipalities 
that they comprise (ranging from 4 to 24 municipalities). 

Because the average radius of a district is about 40 km, a measure 
for the availability of railway and motorway infrastructure is calculated 
for a given municipality, i, on the basis of the railway and motorway 
infrastructure installed in all municipalities j within a distance of 
40 km. The spatial lag of the railway and motorway infrastructure 
for municipality iis defined by 


WX, = SiwiX, i#j (3) 
i 


where the subscripts i and j identify the municipalities and w; is the 
spatial weight. It is common practice in the spatial analysis litera- 
ture to use row-normalized spatial weights, Wis which is equal to 
w,/2jwy, which add to unity: 2; w3; = 1. WX; denotes the spatial lag 
of the two transport variables, the motorway and the railway net- 
work, which are included in the regressions along with the variables 
for own-motorway and own-railway density. The spatial weighting 


scheme is defined in such a way that each and every municipality j 
(X; denotes the value of the motorway network and railway net- 
work for municipality j) that is within 40 km from the centroid of 
municipality 7 gets a unitary weight and a value of 0 otherwise. 


1 if distance, < 40 km 
a (4) 
0 otherwise 
Urbanization economies, as measured by population density, are found 
to have a positive impact on the expected number of plant openings 
for all industry groups, but the effects are relatively weaker for firms 
in primary industries. These primary industries include electricity, 
gas, and water and transport, storage, and communication. The effects 
are stronger for firms in the education sector; wholesale and retail 
industries; real estate, renting, and business activities; and manufac- 
turing. The elasticity values range from 0.07 to 0.29. Increasing the 
population density by 10% can increase the expected number of new 
plants by 0.7% to 2.9%. 

Evidence for the importance of proximity to the main economic 
centers, as measured by use of the Harris-type market potential 
measure, is also significant and positive. The only exception is the 
electricity, gas, and water sectors. The location of establishments in 
this sector is often determined by the location of the natural resources 
underlying the production of energy. Doubling the market poten- 
tial of a given municipality increases the expected number of new 
plant openings by between 13.5% and 32.4%, depending on the 
economic sector. 

The results for the index of relative industrial specialization suggest 
that localization economies can also be an important locational factor, 
in particular, for manufacturing industries. The evidence is mixed 
for the services sector: relative specialization has a positive impact 
on new plant openings for transport, storage, and communication 
and for the wholesale and retail sector. Big transport clusters, such 
as airports and logistics and distribution centers, may help explain the 
positive effect of localization on new plant openings in the transport 


Melo, Graham, and Noland 


Hotels and Transport, Storage, Finance Real Estate, Renting, Health and Social 
Restaurants and Communications Intermediation and Business Education Work 
O:151*#** 0.142*** 0.135*** 0.134*** 0.057 0.16*** 
0.066** 0.262*** 0.107*** 0.085** 0.136** 0.068* 
0.298*** 0.549*** 0.237* 0.279** 0.262 0.152 
0.368*** 0.452*** 0.407##* 0.512*** 0.512*** 0.265*** 
—0.007 0.093** —0.030 —0.052 —0.033 0.001 
0.147*** 0.021 0.147*** O.177*** 0.154*** 0.144*#* 
0.196*** 0.315*** —-0.128* 0.013 —0.014 —0.295*** 
1:327"** —2.033*** 1.511*** 0.144 0.764* 2.971 *** 
—0.307*** —0.037** -0.011 0.199 0.041 —0.117* 
0.067 0.022 0.014 0.124*** 0.066* —0.110*** 
548 1,406 1,093 1,407 504 541 
2,788.65*** 1,565.58*** 657.06*** 5,255.11*** 117:26*** 549,95*** 
0.19 0.18 0.19 0.16 0.21 0.22 
0.77 0.39 0.51 0.52 0.46 0.65 
0.77 0.42 0.52 0.53 0.49 0.66 
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and wholesale industries. Alternatively, localization economies appear 
to have a negative effect on new plant openings in the financial sector; 
real estate, renting, and business activities; and health and social work. 
This result may be because financial and business activities tend 
to locate predominantly in big urban centers, where the economic 
structure is more diversified. 

The share of unskilled labor exhibits either a nonsignificant or a 
negative effect on new plant openings. The negative coefficients sug- 
gest that municipalities with higher proportions of unskilled work- 
ers are likely to have fewer plant openings. The only exception is the 
primary industries sector, in which the use of unskilled labor is larger. 

The evidence for the impact of average worker wages is mixed. 
For some industries (e.g., financial intermediation, real estate, rent- 
ing, and business activities), the coefficient exhibits a positive sign. 
Because wages capture the average cost of the labor force of a given 
municipality, its coefficient is, in theory, expected to be negative, on 
the grounds that regions with higher labor costs will be less attrac- 
tive to new firms. On the other hand, wages also provide an approx- 
imation of the value of the marginal product of labor and, hence, can 
capture variation in labor quality. As a result, higher wages can also 
reflect a more productive labor force and thus encourage new plant 
births. The fact that the positive coefficients are found in industries 
employing relatively more skilled workers is in line with this labor 
productivity interpretation. 

The importance of firm size to new firm formation has been stressed 
in many firm birth studies. Previous evidence on the effect of average 
establishment size suggests that smaller firms promote the forma- 
tion of new firm births because they act as incubators for new firms. 
The essential explanation, according to these studies, is that small 
firms can promote a stronger sense of entrepreneurship among 
workers (17, 19, 26). Some evidence also supports a positive effect 
of larger mean establishment sizes on new firm formation (20). Moyes 
and Westhead surveyed the empirical literature on the birth of new 
firm and showed that small firm size (<10 employees) is typically 
hypothesized to be a factor in the formation of a new firm. The results 
presented here suggest that establishment size tends to have a positive 


impact on the number of new plant openings. Because more than 80% 
of the establishments have less than 10 workers, the results favor 
the importance of small firms to the formation of new firms (36). 

The main concern of this work concerns the importance of the trans- 
port infrastructure on the number of new plant openings. Three key 
factors are of importance in interpreting these results: the nature and 
direction of the impact of the transport infrastructure on new plant 
openings, how the impacts vary across industries, and the relative 
magnitude of the impacts between the railway and motorway net- 
works. The transport infrastructure has a significant and positive 
effect on new plant openings for many industries. This is true for 
both the model with and the model without spatial spillovers from 
transport infrastructure. Nevertheless, the significance of the effects 
differs across industry groups and the transport infrastructure. 

Table 4 shows that railway effects have a greater significance 
than motorway effects on the number of plant births. Both transport 
networks have positive effects for hotels and restaurants; transport, 
storage, and communications; financial intermediation; and real estate, 
renting, and business activities. The density of the railway network 
also has a positive impact on the number of new plants for all other 
remaining sectors, with the exception of the primary industries. Eval- 
uation of the magnitude of the effects shows that increasing the 
density of the motorway network by 10% can increase the count of 
plant births by between 0.8% (hotels and restaurants and real estate, 
renting, and business activities) and 2.5% (transport, storage, and 
communications), depending on the industry group. The elasticities 
for the size of the effects from the railway network density range 
from 0.11 (construction) to 0.31 (electricity, gas, and water supply), 
suggesting more impact for more traditional sectors such as manu- 
facturing (0.20) and transport, storage, and communications (0.24), but 
also for some service industries: financial intermediation (0.21), health 
and social work (0.20), and wholesale and retail activities (0.19) 
(Table 4). 

The results obtained from the model with spatial spillovers from 
the transport infrastructure, reported in Table 5, suggest that addi- 
tional transport infrastructure in neighboring municipalities has strong 
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positive spillover effects. Expanding the motorway and railway 
network in neighboring municipalities has a positive impact on the 
number of new plant openings in a given municipality. As a result, 
investment in the railway and motorway networks outside the own 
municipality can improve its ability to attract new businesses. This 
result is intuitive, given the complementary nature of transport 
networks. 

The motorway infrastructure had positive spatial spillover effects 
for nine of the 11 industry groups analyzed. The magnitude of the 
spillover effects ranges from 0.27 to 0.51, meaning that a 10% increase 
in motorway density can increase the number of new plant openings 
by between 2.7% and 5.1%, depending on the industry group. The 
effect is considerably weaker for the own-municipality motorway 
infrastructure: increasing the density of the motorway network by 
10% can increase the count of plant births by 0.7% to 2.6%. The rail- 
way network had positive spatial spillover effects for eight of the 
11 industry groups considered. The magnitude of the spillover effects 
ranges from 0.24 to 0.67, meaning that a 10% increase in railway 
density can increase the number of new plant openings by between 
2.4% and 6.7%. 

Compared with the effect of the motorway network on new plant 
openings, the effect of the own-municipality railway density on new 
plant openings has a larger variation. The sizes of these effects are 
between 0.09 and 0.27, which means that increasing the density of 
the own-municipality railway by 10% can increase the count of plant 
births by between 0.9% and 2.7%. The magnitude of the effects from 
the own-municipality motorway is in a similar range: a 0.7% to 
2.6% increase in the number of plant openings resulting from a 10% 
extension of the motorway network. 

These results suggest that the transport infrastructure, in particular, 
the railway and the motorway networks, is associated with new 
plant openings. The evidence favors widespread positive effects of 
both types of infrastructure, but the effect of the own-municipality 
railway seems to dominate that of the own-municipality motorways, 
whereas the spatial spillover effects from motorways tend to be 
significant for more industry groups. For the primary industries and 
the wholesale and retail sectors, the effect from railways strongly 
dominated the effect from motorways. On the contrary, the spillover 
effects from the motorway network outweigh the effects from rail- 
ways for financial intermediation; real estate, renting, and business 
activities; education; and health and social work. For the remaining 
industry groups, the differences were minor (Table 5). 


CONCLUSIONS 


The study described in this paper examined the effects of the motor- 
way and railway infrastructure on new plant openings for Portuguese 
municipalities across a range of economic sectors. Besides testing 
for the role of the own-municipality transport infrastructure, the study 
also investigated the effects of the presence of spatial spillovers from 
the transport infrastructure. 

The results indicate that the own-municipality transport infrastruc- 
ture plays a significant and positive role on the location of new plant 
openings. The importance of its effects, however, can differ across 
both industry groups and the transport infrastructure. The findings 
also show that expansion of the motorway and railway network in 
neighboring municipalities has a positive effect on the number of 
new plant openings in a given municipality. 

At the level of the own municipality, it was found that the density 
of the railway network tends to have a more widespread positive 
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impact on the formation of new firms, but the spatial spillover effects 
from motorways are significant across more industry groups. Expand- 
ing the own-municipality railway and motorway networks by 10% 
can produce an increase in new plant openings by between from 
0.9% to 2.7% and from 0.7% to 2.6%, respectively, depending on 
the industry group. 

The analysis also proposes that the importance of the spatial 
spillover effects from the transport infrastructure tends to be stronger 
than the effects from the own-municipality transport infrastructure. 
Increasing the density of the motorway network by 10% can increase 
the number of new plant openings by between 2.7% and 5.1%, 
depending on the industry group. Improving the density of the rail- 
way network by 10% can raise the number of new plant openings by 
between 2.4% and 6.7%. 

Despite their important role as determinants of new firm births, 
transport networks are likely to be only one of the ingredients that 
policy makers may care about when designing a policy to attract and 
foster the development of new businesses. This analysis also shows 
that agglomeration economies also play important role, in particular, 
by the size and market potential of the municipalities. 
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Impact of Foreign Aid 


on Local Institutional Systems 


Case Study of Institutional Spillover Effect on the 
Batangas Port Development Project in the Philippines 


Hironori Kato, Crispin Emmanuel D. Diaz, and Marie Onga 


This paper examines the institutional spillover effect observed in a port 
development project funded by foreign aid by using the Batangas Port 
Development Project in the Philippines as a case study. The project’s pur- 
poses, processes, and results were examined by reviewing the literature 
and interviewing local actors. Next, the focus was on the key single 
event—demolition—to identify the institutional impact. In the project 
planning process, the local executing agency experienced difficulty in find- 
ing suitable relocation sites for affected residents. Together with some 
nongovernmental organizations, local residents started to oppose the 
project. The donor requested that the executing agency find a peaceful 
solution in negotiations with opposition groups. Although the executing 
agency made great efforts—including the introduction of an interagency 
committee—to build a consensus with the local opposition groups, the 
group finally demolished residential structures without notifying the 
donor to make way for the port development. The behaviors of the donor 
and recipient were examined in detail to understand the reasons why the 
demolition happened as it did. 


A number of empirical studies have recently shown that infrastructure 
development contributes to economic growth and poverty reduction 
in developing countries (J—3); however, most studies of aid effective- 
ness have focused on the beginning and end of this causality chain (4). 
Intermediate processes have often been referred to as a kind of “black 
box”’ (5), and it has been argued that further progress in the effective- 
ness of aid requires that that box be opened. To date, the mechanisms 
and processes by which aid-funded infrastructure projects produce 
successful development outcomes have not been examined. Jerve and 
Nissanke hypothesize that the success or sustainability of such invest- 
ments depends, to a large extent, on institutional spillover effects (4). 
This depends on the intermediary and institutional outcomes of the 
project, for example, impacts on human resource development, capac- 
ity building, and institutional and policy reform. These, in turn, 
depend on what takes place within the black box. In response to such 
concerns, this paper aims to analyze empirically the indirect effects 
of infrastructure projects by focusing on the institutional spillover 
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effects. The research involved observing institutional spillover effects 
and the processes involved during the implementation of infrastruc- 
ture projects funded by foreign aid. For this paper, conflict manage- 
ment in the execution of the Batangas Port Development Project 
(BPDP) in the Philippines was examined as a case study. 

The paper is organized as follows. The next section provides an 
overview of the project. The project implementation process and the 
project results are then evaluated by reviewing the pertinent litera- 
ture and interviewing local stakeholders, with the focus being on the 
single key event of the case study. Spillover effects are examined by 
identifying the major actors, mapping the institutional mechanisms 
and organizations involved, and relating these to the key event. Finally, 
the analytical findings are summarized and further research issues 
are presented. 


BATANGAS PORT DEVELOPMENT PROJECT 


The principal aim of BPDP was to improve freight transportation 
conditions between Luzon Island and Mindoro Island in the Philip- 
pines. The aim of BPDP was also to develop the regional economy 
in the hinterlands and to complement the Manila Port as one of the 
major international ports serving Luzon Island in the Philippines. 
The Batangas Port is located 110 km south of metropolitan Manila, 
on the northeast coast of Batangas Bay, which is in the southwest- 
ern portion of Luzon Island (Figure 1). Before BPDP, Batangas Port 
was mainly used for the roll on-roll off vessel service as a gateway 
to Mindoro Island. 

The Philippine government and the Japan International Coopera- 
tion Agency (JICA) formulated the Batangas Port Expansion Program 
in 1984. In December 1985, at the request of the Philippine govern- 
ment, JICA conducted a feasibility study for the development of 
Batangas Port. The feasibility study envisioned the Batangas Port as 
the main gateway to and from the islands of Mindoro, Marinduque, 
Romblon, and Palawan; the Visayas; and Mindanao. The feasibility 
study report also included both short- and long-term plans; the former 
aimed to improve and expand the existing dilapidated facilities to 
increase the port’s distribution efficiencies, whereas the latter aimed 
to expand Batangas into a large-scale port. The intention was that, 
in the future, the Batangas Port would be fully capable of handling 
foreign cargo and supplementing the service capacity of the Port of 
Manila. The first phase of BPDP—which corresponded to the short- 
term plan—covered a 22-ha area at a cost of 1.6 billion pesos (about 
US$76.9 million in 1987 dollars). The first phase aimed to solve the 
problems of the time and meet further growth in shipping demand. 
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FIGURE 1 Location of Batangas Port. 


The BPDP Engineering Service was appraised by the Japan Bank of 
International Cooperation (JBIC) between May and June 1987, and 
the loan agreement was signed in 1988. 

In 1989, the Philippine government formally requested that the 
Japanese government create the CALABARZON Development Mas- 
ter Plan. (CALABARZON comes from the first letters of the names 
of five provinces—Cavite, Laguna, Batangas, Rizal, and Quezon— 
which are just east and south of metropolitan Manila and comprise the 
best places, logistically, for industries to site their factories.) JICA 
started its study to create the master plan; during that study, President 
Corazon Aquino announced the CALABARZON Development Plan. 
BPDP was appraised by JBIC in 1990, and the loan agreement for the 
project was signed in July 1991. JICA submitted the final report, 
Master Plan Study of Project CALABARZON (6), to the Philippine 
government in February 1992; it touched on the Expansion Plan of 
the Batangas Port and the Development Plan, which covered the five 
provinces in the eastern and southern parts of metropolitan Manila. 

BPDP was also included in the Philippines 2000 plan (7) proposed 
by President Fidel Ramos. The president spoke in 1993 that the 
Philippines 2000 plan aimed to make the country a new member 
of the Newly Industrializing Economies group before the end of 
the century. Under the Philippines 2000 plan, the National Economic 
and Development Authority formally set up the Medium-Term 
Philippine Development Plan, 1993-1998 (8), which emphasized 
sustainable agri-industrial development and infrastructure develop- 
ment as part of the basic framework of the Philippines’ developmen- 
tal strategy. All departments of both the central and local levels of 
government were required to take balance the development between 
the agricultural and industrial sectors when they made developmen- 
tal plans. The Department of Trade and Industry was responsible for 
the CALABARZON Plan, which was considered one of the most 
important development plans in the country at that time. Main port 
construction started in 1995. 
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CASE DESCRIPTION 


Conflict was encountered during the process of resettling the local 
residents affected by the development and expansion of Batangas 
Port (9). This conflict was the main contributor to delays in project 
completion—that is, the project was completed 3 years and 7 months 
behind schedule—and to a compensation package four times larger 
than that originally offered (J0—/2). For a more detailed description 
of the implementation of BPDP, readers are referred to the work of 
Kato et al. (73). 

The area occupied by settlers was part of the foreshore land, and it 
was first settled before 1900. Members of the community found a 
variety of livelihoods as vendors, stevedores, and the like when the 
port was constructed in the mid-1930s. Since 1969, many of these set- 
tlers had tried to secure formal ownership of the land; most of them 
had failed, however, partly because foreshore land cannot be titled. In 
the time leading to the development and expansion of the port, land 
ownership was loosely regulated. After the completion of feasibility 
studies but before the signing of loan agreements between JBIC and 
the Philippine government vis-a-vis construction and engineering ser- 
vices, initiatives were put in place by the Batangas City Government 
to identify resettlement areas. Several committees were also formed, 
including the Ad Hoc Coordinating Committee for Sta. Clara, a civil 
society group of the Barangay Sta. Clara. (A “barangay” is the small- 
est political administration unit in local government in the Philip- 
pines.) The Special Committee for Sta. Clara was also established and 
comprised representatives from Batangas City, the Philippine Port 
Authority (PPA), the Department of Social Welfare and Develop- 
ment, the Catholic Church, and the aforementioned Ad Hoc Coordi- 
nating Committee for Sta. Clara. These committees also worked with 
other government agencies, such as the National Housing Authority 
(NHA) and the Presidential Commission for the Urban Poor, during 
the entire process. It should be noted that before the project, processes 
to deal with resettlement had not been very well established, and this 
partly contributed to the problems that were encountered. When the 
project was still in the process of being implemented, a law, Repub- 
lic Act 7279—also known as the Urban Development Housing 
Act—was enacted. This law secures compensation for squatters and 
specifies processes for conducting demolitions and relocations. The 
passage of this law affected the negotiation processes, and BPDP was 
the first national project to which this law was applicable. During the 
project implementation period, the territorial jurisdiction of Batangas 
Port was also redelineated by law, and the area occupied by residents 
of Sta. Clara was included in this territorial jurisdiction. This rede- 
lineation effectively induced a restart of the process of selecting a 
resettlement site, because it effectively redefined the “ownership” of 
the land in question. 

Table 1 summarizes the key activities related to resettlement, their 
respective durations, and brief remarks on the process. One of the key 
events during the process was in 1994, when PPA demolished the 
residential structures to make way for the development and the 
Japanese government suspended the loan. From these events, several 
observations about the overall process can be made. First, the method 
used to identify the affected households led to likely changes in the 
recorded number of households, after the initial count; the number 
should have been determined, with finality, before project implemen- 
tation. The second observation is that the method for determining 
compensation did not initially have legal support and therefore was 
subject to unreasonable demands by either the affected households 
or PPA. The new law that emerged during the project implementa- 
tion period was not well understood or accepted by the parties 


146 


TABLE 1 Key Activities Related to Resettlement in BPDP 
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Activity Duration 


Remarks 


Identifying affected residents 


Deciding the location of resettlement site 


Development of resettlement site 


Clearing the project site 


Halting loan of Japan government 


Deciding the compensation package 


1986 June—1993 October (89 months) 


1986 June—1991 May (59 months) 


1991 May—1992 November (18 months) 


1993 January—1994 June (17 months) 


1994 July-1994 December (5 months) 


1986 June—2000 December (168 months) 


In June 1986, the tally by Batangas City government was 
718 families living 606 structures. A survey by PCUP in 1992 
identified 971 families, 80% of which were “illegal settlers.” 
PCUP and NHA revalidation survey in 1993 showed 
1,467 families. Final tally was 1,465 families. 


The proposals went back and forth many times, involving commit- 
tees composed of government and nongovernment organizations. 
Reasons for rejection of the proposals included: 

For PPA—too expensive 
For residents—-site is flood prone, site is too far from 
employment 

Even when the (Balete) site was finally purchased, a number still 
were unsatisfied with the choice. 


Includes a clinic for Balete and Sico resettlement sites. 
The road to Sico was also repaired using funds from JBIC loan and 
completed by November 1997. 


Starts with first notice to vacate. Several subsequent issuances of 
notices were ignored by residents. JBIC requests a peaceful 
resolution. Further dialogues between GOP and residents are 
unfruitful. GOP finally decided to forcibly eject the residents 
and demolish the structures. Actual demolition takes only 6 days. 


Following demolition by PPA, the Japan Government decided to 
suspend the loan, showing strong disapproval of the event. Loan 
resumed after observing GOP’s efforts toward a peaceful solution. 


PPA and the residents could not agree on the package through 
direct negotiation. The PPA lost court cases at the Regional Trial 
Court and the Court of Appeals. 


Nore: GOP = Government of the Philippines. 


involved, and so its stipulations were not initially addressed; how- 
ever, toward the end, the execution of the eviction and demolition 
procedures did align with Republic Act 7279. The third observation 
is that PPA prioritized the immediate implementation of the project 
over the humane treatment of the affected households; as a result, it 
may have been convenient to consider the affected households to 
generally have no legal rights to the land. Although it is accepted that 
a number of the residents in the area were illegal settlers, it is also 
accepted that others had occupied the land long before the port devel- 
opment and expansion project was conceived. In any case, the proj- 
ect had a weak framework for mitigating the social and environmental 
impacts of the project. This framework has since been addressed by 
the new guidelines of foreign funding agencies like JBIC and the 
Asian Development Bank. 


ACTOR STRATEGY ANALYSIS IN THE PROCESS 


The details of the decision-making process in relation to the conflict 
between the opposing residents groups and the PPA are examined in 
this section. The particular focus is on the interactions between PPA 
and the JBIC-Japanese government. The strategies of other stake- 
holders, including local residents and the interagency committee, are 
not analyzed in this paper, although they also affected the conflict. 
First, this is because PPA and the JBIC-Japanese government took 
much more important roles than others; second, because this paper 
focuses on the impacts of foreign donors on the local agency in proj- 
ects in developing countries receiving foreign aid; and third, because 
it may be difficult to summarize the strategies of a multimember 


group. If the strategies of the local residents or the interagency com- 
mittee could be identified, the discussions or horizontal conflicts (4) 
among the residents or the agencies might also be needed. It should 
be noted that the strategy of JBIC is assumed here to be the same as 
the strategy of the Japanese Government. This is because JBIC is a 
Japanese public financial institution, which is wholly owned by the 
Japanese Government, and its budget and operations are regulated by 
the JBIC law. 


PPA Strategy 


The analysis is started by examining the behavior of PPA. When the 
residents started to oppose the relocation project, PPA tried to cre- 
ate agreements with them by reviewing the relocation site selection 
process several times. However, PPA found it difficult to find a relo- 
cation site that satisfied the increasing demands of the opposing res- 
idents. Finally, PPA gave up negotiating with the opposing residents 
and decided to conduct demolition without announcing it to the 
Japanese contingent. 

Why did the PPA make such a decision? What other options 
were available? To answer these questions, all the possible options 
available to PPA are listed here: 


P-i. Keep negotiating with the local opposition group, mainly 
with regard to compensation, under the condition that the PPA fixes 
the relocation sites. 

P-ii. Continue searching for other relocation sites until it found 
sites that satisfied the affected residents. 
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P-iii. Request that JBIC support the assistance package for the 
affected residents, without conducting the demolition. 

P-iv. Conduct demolition after receiving approval from JBIC. 

P-y. Conduct demolition without the approval of JBIC. 


To choose an option from among those listed above, the objectives 
of PPA in the context of BPDP need to be examined. These are as 
follows: 


P-1. Implement the project at the lowest possible cost. 

P-2. Complete the project on schedule. 

P-3. Build consensus among the stakeholders. 

P-4, Maintain a good relationship with JBIC-Japanese Goy- 
ernment. 


Given these possible options and objectives, how can one explain the 
behavior of PPA with respect to the BPDP implementation process? 
First, did PPA respect Objective P-3, to build consensus among the 
stakeholders? The answer is partly “yes” but mostly “no.” Unfortu- 
nately, it is difficult to say whether PPA put the highest priority on 
Objective P-3 during project implementation. It is true that PPA 
searched a variety of relocation sites with the other stakeholders, 
including NHA and the mayor of the city. It is also true that PPA tried 
to build consensus with the local residents during an early stage of 
the project. However, after PPA found it difficult to obtain accep- 
tance of the relocation site from the local residents, it immediately 
created the interagency committee. According to the discussions of 
the interagency committee, PPA apparently did not respect the local 
residents and had respect only for the public or official organizations 
in the interagency committee. PPA may not have invited true repre- 
sentatives of the affected residents to be members of the interagency 
committee when the time came to examine detailed studies of the 
candidate relocation areas. Instead of dealing directly with local res- 
idents, the committee considered members of the Barangay Council 
to be the representatives of the affected residents; this was likely a 
matter of expediency, as the committee probably expected longer 
discussions and higher costs in negotiating with local residents. This 
is problematic, because no direct validation (such as through a sur- 
vey) with the affected residents was conducted. It appears that the 
PPA decision to exclude residents from the decision-making process 
may have given rise to a series of serious conflicts during the project. 
Thus, it seems that PPA accorded more importance to Objective P-1, 
implement the project at the lowest possible cost, or Objective P-2, 
complete the project on schedule. PPA accorded Objective P-4 
(maintain a good relationship with the JBIC-Japanese government) 
importance only in relation to receiving project funds. 

Next, why did PPA give up negotiations with the local opposition 
group? PPA thought that it had already tried to search for relocation 
sites many times and that it did not need to make any additional effort 
to negotiate with local residents or to search for new candidate sites. 
Actually, in the public hearing, PPA said that it was impossible to re- 
select the site because a huge amount of money had already been spent 
on site development and other options were unavailable. This reflects 
PPA Objective P-1 (implement the project at the lowest possible cost) 
and Objective P-2 (complete the project on schedule). 

The next question is why did PPA conduct the demolition without 
notifying the Japanese contingent. There are two hypothetical reasons. 
The first reason is because it did not respect Objective P-4 (maintain 
a good relationship with the JBIC-Japanese government), although the 
JBIC—Japanese government requested a peaceful solution to the con- 
flict. Instead of notifying the Japanese contingent of the demolition, 
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PPA acquired approval from the Philippine government. This sug- 
gests that PPA thought that it was the responsibility of the Philippine 
government to maintain a good relationship with the donor, the Japa- 
nese government, rather than the responsibility of PPA. Although no 
direct documented evidence pertaining to the behavior of the Philip- 
pine government could be obtained, it might have contacted JBIC or 
the Japanese government about the demolition. It might also have 
been that the PPA dared not notify the Japanese government of the 
demolition, knowing that the Japanese government would have no 
option but to reject the demolition plan because of the nature of the 
conflict. PPA also believed that demolition was unavoidable, given 
that negotiations had reached an insurmountable impasse. 

Finally, did PPA ask JBIC to support the assistance package for 
the affected people? There is no evidence of this, and there are two 
possible reasons for this lack. One possible reason is that PPA did 
not request it; if this is the case, it is possible that PPA was not will- 
ing to improve the assistance package. As mentioned, the opposition 
group had escalated demands for assistance, including a proposal 
requesting that PPA pay an extraordinary amount of compensation. 
PPA might have believed that the opposition groups had proposed 
high levels of compensation not with the intention of coming to a 
consensus with PPA but with the intention of impeding the project 
or receiving compensation greater than that which had previously 
been offered. It is entirely possible, then, that PPA thought that addi- 
tional support in the form of a larger assistance package would not 
break the impasse. The other possible reason is that PPA may have 
informally asked JBIC to support the assistance package funding. If 
this were the case, PPA likely did so because it needed additional 
funding to maintain negotiations with the local residents. As men- 
tioned above, JBIC had requested that PPA find a peaceful solution; 
PPA might have interpreted this to be an offer by JBIC, however 
subtle, to shoulder part of the expenses related to achieving that 
peaceful solution—that is, additional (possibly financial) support 
to PPA. Why, then, would PPA have requested it informally? It is 
likely that PPA was concerned that opposition groups would request 
even more compensation, if they knew that JBIC was bankrolling a 
portion of it. 


Strategy of JBIC-Japanese Government 


JBIC knew that PPA had encountered difficulties in consensus 
building with local residents. Nonetheless, JBIC expected PPA to 
find a peaceful solution. During negotiations between PPA and local 
residents, what options did the JBIC—Japanese government have, 
hypothetically? The hypothetical options are as follows: 


J-i. Keep requesting that PPA find a peaceful solution and ignore 
the results, even if PPA conducts the demolition. 

J-ii. Propose a supporting scheme for the local residents without 
suspending the loan. 

J-iii. Suspend the loan to the project and propose a supporting 
scheme after the demolition. 


The hypothetical objectives of the JBIC—Japanese government are 
summarized as follows: 


J-1. Contribute to benefits to Japan, which may include its good 
reputation among other countries. 

J-2. Support the development of the Philippines while not harming 
the local people. 
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Financial objectives such as securing loan repayment or minimiz- 
ing financial risk are not included in these options, although they 
were well considered by JBIC. This is because JBIC takes a role as 
a public institution rather than a public bank during the project. 

To which objective did the JBIC—Japanese government give 
the most importance? In general, the JBIC-Japanese government 
appeared to give the most weight to Objective J-1 (contribute to 
Japan’s benefits); this is because Objective J-2 (support the develop- 
ment of the Philippines while not harming the local people) is consid- 
ered a necessary condition in satisfying Objective J-1. This means that 
the successful support of the Philippines can contribute to a more 
positive reputation for the Japanese government. In some cases, an 
option may satisfy Objective J-1 but not satisfy Objective J-2; in such 
cases, the JBIC—Japanese government may accord greater respect to 
Objective J-2 than to Objective J-1. This is because Objective J-2 is 
considered a minimum condition for international cooperation. 

Why, then, did the JBIC—Japanese government choose the specific 
option that it did? First, it was difficult for JBIC to choose Option J-i, 
given Objectives J-1 and J-2. On one hand, the demolition forced the 
local people to move, which meant harming local people in some way; 
this violates Objective J-2. On the other hand, the demolition may 
have marred the reputation of the JBIC_Japanese government among 
other countries, including developed and developing countries; this 
would violate Objective J-1. 

The JBIC—Japanese government was likely faced with a choice of 
pursuing either Option J-ii or Option J-iii. The JBIC—Japanese gov- 
ernment requested that PPA find a peaceful solution; to attain this, it 
is certain that PPA would need a larger budget to compensate the local 
residents or provide other, additional support. The following two 
cases are proposed: 


1. Had the JBIC—Japanese government chosen Option J-ii, it 
would have needed to be involved in the process of negotiation with 
the local residents. This is because a peaceful solution would not 
have been achieved without the local residents agreeing to the pro- 
posal offered by the JBIC-Japanese government. However, if the 
local residents would not agree even to the JBIC—Japanese govern- 
ment’s proposal, no one would be left to mediate the conflict between 
PPA and the local residents. This would be a worst-case scenario for 
the JBIC_Japanese government. 

2. Had the JBIC-Japanese government chosen Option J-iii, 
the JBIC—Japanese government may have experienced a variety of 
problems. First, the JBIC-Japanese government would not have 
been able to complete the project within the proposed schedule and 
the Japanese taxpayers would likely have accused the JBIC-Japanese 
government of poor schedule management. Second, the interna- 
tional relationship between Japan and the Philippines would have 
worsened. The local people and businesses who expected an early 
start to Batangas Port service may have blamed the Japanese gov- 
ernment for delaying the schedule. Third, the JBIC—Japanese gov- 
ernment may have lost its international reputation with respect to 
project management. Fourth, the JBIC-Japanese government may 
have lost the power or leverage to control or influence PPA. However, 
the JBIC—Japanese government would derive benefits as a result of 
choosing Option J-iii. First, it could show strong displeasure with the 
demolition, and the fact that the Japanese government could sus- 
pend loans whenever the borrowers did not follow the requests of the 
JBIC—Japanese government may senda strong message to others, thus 
making the JBIC-Japanese government’s threat-as-option effective 
in the future. Second, it could show a consistent attitude toward the 
stakeholders during the project; this could increase the trust in the 
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JBIC-Japanese government in the future. Third, a temporary halt- 
ing of the loan could shock domestic stakeholders in Japan; although 
the JBIC-Japanese government wanted to give additional support to 
PPA, it probably assessed difficulties in building consensus among 
domestic stakeholders in Japan. The act of suspending the loan 
would help domestic stakeholders understand the gridlock situation 
of BPDP. 


INSTITUTIONAL SPILLOVER 
IN DEMOLITION PROCESS 


This section discusses the institutional influences observed in a 
process in which a conflict occurred between the opposing local res- 
idents and PPA and how the demolition affected stakeholders. The 
focus is on the interactions between PPA and the JBIC—Japanese 
government. Within this context, two types of noncooperative games 
are discussed. The noncooperative game assumes that players make 
decisions independently. It also assumes the Nash equilibrium, in 
which each player knows the equilibrium strategies of the other play- 
ers and no player has anything to gain by changing only his or her 
own strategy unilaterally. The reason for applying not the coopera- 
tive game but the noncooperative game is because it is considered 
that PPA did not communicate well with the JBIC—Japanese govern- 
ment during the process. Some studies use the game theory to ana- 
lyze the process of transportation projects (/4, 75). The first is the 
game between PPA and the JBIC-Japanese government with respect 
to giving support or compensation to the opposing residents; this is 
called the “support game.” The second is the game between PPA and 
the JBIC-Japanese government with respect to the suspension or 
halting of loans; this is called the “halt-loan game.” 


Support Game Between PPA 
and JBIC-Japanese Government 


First, consider the support game. Suppose that PPA has two options, 
Options P-i and P-ii, as described earlier. Remember that Option P-i 
is to keep negotiating with the local opposition group, mainly over 
compensation, under the condition that PPA fixes the relocation sites, 
and that Option P-iii is to request that JBIC support the assistance 
package for the affected residents, without conducting the demolition. 
Next, assume that the JBIC—Japanese government has the following 
two options: Option J-i and J-ii. Remember that Option J-i is to keep 
requesting that PPA find a peaceful solution and ignore the results, 
even if PPA conducts the demolition, and Option J-ii is to propose 
a supporting scheme for the local residents, without suspending 
the loan. 

Consider combinations of these options between the two actors, 
as shown in the matrix in Table 2. This can be considered a simple 


TABLE 2 Support Game Between PPA and JBIC—Japanese 
Government 


JBIC—Japanese Government 


Option (J-i) Option (J-ii) 


PPA Status Quo Propose Support 
Option P-i, status quo [0, 0] [+a, —b] 
Option P-iii, request support [-c, 0] [+e, +f] 
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noncooperative game between two players, and Table 2 shows for 
each pair of options the hypothetical payoffs for each stakeholder. The 
values on the left in the payoff box in the table refer to the payoffs 
of PPA, whereas the values on the right refer to the payoffs of the 
JBIC—Japanese government. First, assume that the payoffs are both 
zero when both actors choose the status quo option. Second, PPA 
receives negative payoffs and the JBIC-Japanese government gets the 
same payoff as the status quo when PPA chooses Option P-iii and the 
JBIC—Japanese government chooses Option J-i. This is because PPA 
incurs some costs when it makes a request of the JBIC—Japanese gov- 
ernment. Third, PPA has a positive payoff and the JBIC—Japanese 
government has a negative payoff when PPA chooses Option P-i and 
the JBIC—Japanese government chooses Option J-ii; this is because 
PPA can benefit from the support proposed by the JBIC—Japanese 
government, whereas the JBIC—Japanese government simply loses 
resources by providing support. Finally, PPA has a positive payoff 
and the JBIC—Japanese government has a positive or negative pay- 
off when PPA chooses Option P-iii and the JBIC—Japanese govern- 
ment chooses Option J-ii: PPA can derive the benefit of the support 
proposed by the JBIC—Japanese government, whereas the JBIC- 
Japanese government may lose or earn benefits by providing that sup- 
port. However, it can be expected that the JBIC—Japanese govern- 
ment’s payoff in the Option P-iii-Option J-ii case to be higher than 
that in the Option P-i-Option J-ii case; this is because the JBIC- 
Japanese government will be more satisfied with its support proposal 
when PPA requests it. In other words, if the JBIC—Japanese govern- 
ment first receives PPA’s request and then makes a counterproposal, 
the outcome will be more positive for the JBIC_-Japanese government, 
especially with respect to its Japanese stakeholders. 

There are two possible equilibria in this game. The first equilibrium 
involves the pairing of Option P-i and Option J-i, which is the status 
quo equilibrium which is stable. The second equilibrium depends on 
the relative values in the payoff matrix, particularly the values of a, e, 
and f. If e is greater than a and if the JBIC-Japanese government’s 
payoff in the Option P-iii—Option J-ii case is positive, the case with 
Option P-iii and Option J-ii can be the second equilibrium. In reality, 
however, only the status quo equilibrium was observed. This means 
that the conditions of e greater than a and the JBIC_Japanese govern- 
ment’s payoff in the Option P-iii-Option J-ii case is positive did not 
hold true. The authors suggest that the JBIC-Japanese government’s 
payoff in the Option P-iii—Option J-ii case was negative. As discussed 
earlier, this is probably because the JBIC—Japanese government 
would need to be involved in the negotiation process with the local 
opposition groups, if it proposed a support scheme. If the local oppo- 
sition groups did not agree to the JBIC-Japanese government’s pro- 
posal, there would be no one left to mediate the conflict between PPA 


Japanese government 


(J-i) 
[0, 0] 


IH, -u] 
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and the local residents. Thus, the JBIC—Japanese government was 
likely careful not to fall into this worst-case scenario and acted to 
avoid it. 


Halt-—Loan Game Between PPA 
and JBIC-Japanese Government 


Now consider the halt-loan game. Suppose that PPA has two options, 
Options P-i and P-v, and the JBIC—Japanese government has two 
options, Options J-i and J-iii. Remember that Option P-i is to keep 
negotiating with the local opposition group, mainly with regards to 
compensation, under the condition that PPA fixes the relocation sites, 
whereas Option P-v is conduct demolition without approval from 
JBIC. In addition, Option J-i is keep requesting that PPA find a 
peaceful solution and ignore the results, even if PPA conducts the 
demolition, whereas Option J-iii is suspend the loan to the project and 
propose a supporting scheme after the demolition. 

It is then assumed that this is a two-step dynamic game. The first 
step is that PPA makes a choice as a leading player, and the second 
step is that the JBIC-Japanese government makes a choice as a fol- 
lowing player. The game tree is depicted in Figure 2. The left side of 
the payoff vector represents PPA’s payoff, whereas the right side is 
the JBIC—Japanese government’s payoff. It is assumed that the pay- 
offs are both zero when they choose Options P-i and J-i. However, 
both players have negative payoffs when PPA chooses Option P-i and 
the JBIC—Japanese government chooses Option J-iii. PPA also has a 
positive payoff, whereas the JBIC—Japanese government has a nega- 
tive payoff, when PPA chooses Option P-v and the JBIC—Japanese 
government chooses Option J-i. This is because PPA can force the 
opposing residents to move by conducting the demolition, whereas 
the JBIC—Japanese government probably loses the trust of stakehold- 
ers and the power to persuade PPA. Finally, PPA has either a positive 
or a negative payoff, whereas the JBIC-Japanese government has 
a negative payoff, when the PPA chooses Option P-v and the 
JBIC—Japanese government chooses Option J-iii. The JBIC-Japanese 
government’s payoff in the Option P-v—Option J-iii case can be 
expected to be greater than that in the Option P-v—Option J-i case; 
this is because the JBIC-Japanese government can derive benefits, 
in addition to the negative impact by halting the loans, as discussed 
earlier. 

With the application of the backward induction method to this 
dynamic game, a subgame perfect equilibrium can be obtained. The 
solution depends on the state of PPA’s payoff in the Option P-v- 
Option J-iii case. If PPA’s payoff in the Option P-v—Option J-iii case 
is positive, +p is derived; the game then produces Option P-v—Option 


Start 


a 


PPA Status-quo (P-i) 


JBIC- a" 


Status-quo Halttheloans Status-quo 


Demolition (P-v) 


la 


Halt the loans 


(J-iii) (J-i) (J-iii) 


[+r, -s] [+ Pp, -q] 


FIGURE 2 Halt-loan game between PPA and JBIC—Japanese government. 
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J-iii as the solution. If PPA’s payoff in the Option P-v—Option J-iii 
case is negative, however, —p is derived; the game then outputs Option 
P-i—Option J-i as the solution. Reality shows that PPA’s payoff in 
the Option P-v—Option J-iii case was positive; this means that PPA 
had a positive payoff by conducting the demolition, even if the 
JBIC—Japanese government were to halt the loans. In other words, 
PPA thought that conducting the demolition was better than the sta- 
tus quo, even if the possibility that the JBIC-Japanese government 
would halt the loans existed. 


CONCLUSIONS 


This paper examined the institutional spillover effect observed in 
BPDP in the Philippines, which had been funded by foreign aid. First, 
the project purposes, processes, and results were examined by review- 
ing the literature and interviewing the local actors. Next, a key single 
event, the demolition, was focused on identification of the institutional 
impact arising in relation to it. The local executing agency experi- 
enced difficulty in finding relocation sites acceptable to the affected 
residents. With support from some nongovernmental organizations, 
the local residents started to oppose the project, making it more diffi- 
cult for consensus to be reached. The donor requested that the execut- 
ing agency find a peaceful solution in negotiating with opposition 
groups; although the executing agency exerted a great amount of 
effort to build consensus with the local opposing residents, the demo- 
lition was finally conducted without notifying the donor. The detailed 
behaviors of the donor and the recipient were examined to understand 
the reasons why the demolition occurred as it did. Two simple games, 
the support game and the halt-loan game, were introduced in this 
study, as they were useful in examining the interaction between PPA 
and the JBIC—Japanese government. 

Several possible topics for future research arise. First, although the 
institutional impact was examined during the project, further impacts 
may occur even after the project. It is necessary to keep observing 
institutional changes that fall out from a project to understand both 
mid- and long-term effects. Second, the game analysis could be per- 
formed in a more sophisticated manner to analyze the behaviors of 
stakeholders in greater detail. In particular, an iterative game may 
be introduced to analyze mid- and long-term institutional changes. 
Third, an anterior analysis with the game theory could be explored 
by using an approach similar to the posterior analysis presented in 
this paper. However, there may be difficulties with a priori analysis 
of the stakeholder’s behavior with the game theory. This is because 
it could be difficult to collect the data pertaining to who the key stake- 
holders are, what their objectives are, what their options are, and 
what their constraints are. It should be noted that the stakeholders do 
not have an incentive to share their honest ideas, particularly during 
the conflict process. Finally, a comparative analysis of projects 
funded by foreign aid and projects not funded by foreign aid would 
be useful in properly understanding the impact of foreign aid on 
developing countries. 
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